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INTRODUCTION 

This unit concentrates almost exclusively cn multiplication. - 
Included within the unit are many qpportunities for independent 
, and group work; The unit is intended to be semi- self-instruc- 
tional with much of the material developed through worksheets, 
group work or class discussion. 

Section 1 provides more practice with the basic fafcts white 
examining the multiplication tables to discover their prop- 
erties. The multiplication properties of 0 aad I and symmetry 
(commutativity) are some of the patterns discussed, 

■* 

Section 2 uses arrays as an embodiment of multiplication and 
again the properties are examined. In addition, the. distribu- 
tive proRerty i^^eveloped through the partitioning of arrays. 

Section 3 develop3 the- standard multiplication algorithm by 
extending the ideas of partitioning anrayr,. It is suggested 
that the balance beam job booklet be used in conjunction with 
this section. The booklet examines the multiplication rela- 
tionships demonstrated by the balance beam. 

Section 4 reviews Cartesian products, especially th^r rela- 
tionship to multiplication and experimentation. 



NOTES ON TEACHING THIS UNIT 

The worksheets in this unit are designed to encourage inde- 
pendent work by the c'hildren, but this does not mean that 
they need no help from you. As the children work indepen- 
^V^dently, you should check the work of individuals and help 
them with their problems. It is important that as you help the 
children, you do not give them the answers, but rather guide 
them to the answers by appropriate questions and comments. 



In each lesson the children do several worksheets alone or 
with partners. An explanation of the concepts on each work- 
sheet is provided in this manual. If sevteral children have 
trouble with the same concept, you may want to take them 
aside and work with them as a group. In some lessons extra 
worksheets are provided for fast wopki.rs. Thp rate'uf progres 
through' the student manual will depend on the abilities of the 
children in your class.. Encourage the children to v\fork as _ 
quickly as they can and not to spend too much time on a work- 
sheet.' The unit should be completed in four to six weeks. 

When you are ready to start Section 3, you may want to let 
half of the students begin the job booklet while the other 
students do the worksheet?. While one group of children 
is doing the job booklet, you -can work more closely with 
the other students on- the worksheets of Section 3. These 
worksheets examine the multiplication algorithm in vertical 
form. Most likely^ the students \ ili'need more supervision 
and explanation from you in this section than they will on ^ 
the worksheets ot ether sections. When the first group com- 
pleter the job booklet, these students*can then do the work- 
sheets with your assistance while the other group does the 
job booklet. You will- probably find that the group doing the 
worksheets finishes before those doing the job booklet. The 
extra time should be spent pr-acticing the algorithm. You may 
want to make additional c'.eets of practice problems to help 
the students become proficient with the algorithm. 




Section 1 



Factors, 
Products and 
Multiplication 
Sentences 
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PURPOSE 



In this section the students learn: 

« 

- To work independently — reading, following instructions 
and completing the worksheets with a minimum of help finom 
the teacher. 

- To identify factors and products in multiplication sentences 
and to su'fply missing factors and products in sentences. 

- To wTiie multiplication sentences for a given product, to 
hst the factors for a given product, to illustrate multipli- 
cation sentences graphically with arrays, and' to describe 
arrays with multiplication sentences. 

- To apply the properties of multiplication. by 0,1,5 and 9 
to multiplication problems where those numbers appear as 
factors . 



COMMENTARY * 

In thin unit the students will be working independently or with 
partners on nany of the worksheets. Not every student will 
complete ail worksheets or all problems on a worksheet. But, 
all students should be allowed to work independently and be 
oncouragod to complete as much as they can of each work- 
shoet v/ith a minimum of help from you. 



Several lessons include extra worksheets for fast workers; 
Slower children may do these WQrksheets at home or in other 
free time if they wish. Some lessons also include worksheets 
for class discussion. All children should cpmplete these as. 
a group. The worksheets have been divid^ to apiMrpximate 
one day's work per lesson. Feel free to adjust this schedule 
to the abilities of your students^ As with most units, this 
one should be completed withifif four to six weeks. 

In Lesson I the students complete several worksheets inde- 
pendently. They identify factors and products in multiplication 
sentences, .and fill in. missing parts of other sentences. They 
draw arrays and write multiplication sentences for those arrays, 
Thon the students write multiplication sentences for given • 
pro^iUCt^ without drawing arrays. 




Lesson 2 corftinues the work with writing multiplication sen- 
tences for products. Then the students isolate the factors 
for a given product. For example, for the product 16, the 
factors are 1 , 16,2,8 and 4. The students complete several 
worksheets independently and then complete a few more as a 
class discussion. This discussion reviews the concepts pre- 
sented on the worksheets of the first two lessons. 

Lesson 3 includes two mathematical games that provide prac- 
tice with the basic multiplication facts and with addition and 
-subtraction. The different version^ of each game also provide 
practice with computational skills. The students should be ^ 
encouraged to play these games for the remainder of the school 
year, and especially during this unit when they have completed 
the independent work of each lesson. 

# 

In Lesson 4 the students continue their independent work. 
They study properties of multiplying by 0 and I . Whenever 
0 is a factor, the product iS( always 0. Wheriever I is a 
factor, the product is always the same as the other factor. 
The students are introduced to the use of multiplication charts 
where factprs are arranged in nimerical order along the top 
and side of the chart. The students work with ordered pairs 
and irrays that illuf;tratc multiplication, particularly by 0 and 
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Lesson 5 introduces the use of a letter as a placeholdar for 
a number in an arithmetic problem. First the students -use 
letters as placeholders in addition problems, and then in 
multiplication problems. The students do several worksheets 

.inde.^endently, and then complete three "others as part of a 
class discussion that serves as review and practice of con- 

ncepts presented on previous worksheets. 

Lesspn 6 is completed as a group. The students study bi- 
lateral symmetry in pictures and in addition and multiplica- 
tion charts. They measure angles with^tne clock protractors - 
that were^used in Unit 26, 




In Les€on 7 the students work 
independently on worksheets . 
that provide practice with mul- 
tiplication facts. They learn 
s6me properties of multipUcation 
by 5 and 9 , Whenever 9 is a fac- 
tor, either the product is 9 or the 
sum of the digits in the product 
totals 9 • Whenever 5 is a factor, 
the product must end in either 0 
or 5, Some worksheets include 
word problems and number lines 
that serve as models for multipli- 
cation. Other worksheets review 
the similarity between multipli- 
cation, and repeated addition • 



Lesson h REVIEWING FACTORS, PRODUCTS, ARRAYS 
AND MULTIPLICATION SENTENCES 



In this lejsori the children study the words factor" and 
^product;" They find missing factors, and products. They 
review rectangular arrays, v/rite multiplication sentences for 
arrays and draw arrays for sentences. The children draw 
amys for the counting numbers I -10, 

MATi:RIALS 

"^•^ Worksheets' I -7 (independent) 



PROCEDUi*E 




In this lesson the children com- 
plete Worksheets I through 7 
independently or with partners 
during one class period. As the 
children work, go arou(i'd the 
room checking their progress. 
Do not give away answers, but 
lead the children to discover 
their own answers when they 
have problems. If several chil- 
dren have trouble with the same 
concept, take those children ^ 
aside and .lead a group discussion 
that will clear up the problems. 
The content of each worksheet is 
explained on the following pages , 
(Any children who finish these 
worksheets rapidly, should go on 
with Worksheets 8 and 9 in the 
next If sson,) 

Explain to the children the work- 
ing /procedure for \his unit. In 
most lessons the children will do 
a set of worksheets independently 
or with partners , You may want 
the children to work alone and only 
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\- 1^1 orally v-necf. taoir v/ork with a faend. (Several work- 
i:iioet.' tell the childien to check answers with a friend,; 
peciTie which procedure you will follow and explain this lo 
t0o Ciuldren. 

New have the children do Workshe^^s I through 7 independent- 
ly or with partners for one class period as you go around the 
* room checking their work. . If children are having trouble or 
are not working fast enough, help them with these problems 
but do not give away the answers. 



-7 




Worksheets 1 and 2 give 
practice in using the words 
"factor" and "product," iden- 
tifying factors and products, 
and filling in missing factors 
and products. 

On Worksheet 3 the children 
study rectangular arrays. 
They see that a multiplication 
sentence can describe the 
array. The first number in 
the sentence tells the number 
of rows; the second number 
tells the number of objects in 
each row. The chilGren write 
multiplicction sentences to 
'describe arrays. 




•orkAlwct r 

Unit Jl 



num. The mm% are- r*( tor and product. 



factor 



f»* tor 



3=6 



(D Ut's look •{ the product.^ 

Hie product of each •entence belov In tirclitd. 

5 • I =(D = 3 . 4 f ' ^ 

(3) Circle the product in each tenterwe: 

I • 7 -<J) . 5 =^ . 4 

Caution: (fl)- 2 • 9 (sj)^ ♦ • 9 • 

In the aentencea above, the products are 21, 49, 
4t, IS, and SI. 

0 Fill In the 1^^^ «tlrt le one*. 



*.S.^ 3.7 = ^ 4.S = 3^ 

2 . la 7 • 2 = 3 - 6 = 



••rkehMt 2 

(hilt ar 



Q factor « rector 

2-3=6 

Milch Mfltere ere fect^reT ^ and 3 

0 S • 3 « IS. IS le the pridnct. 
S and 3 ere the 

(3) CIrcU Mck r«f t«r In tkM* MntMicM: 

0.<2i).ai (tV^w (3)-<3>"»« 

0 la the eantetic«e aheee the factere ere: 
4 and 7» S and S, C and 4. 

(§) nil In the aleelns factare. ' 

^ • 3 ■ • S • ^ « 10 * 14 « ^ • 7 



■ 0 ' 

torkihe^l 3 — 

Inll 27 

'® ■ :::: 

Thl^ M an array. - • a a a row 

»rlt* Ihr word arr«> here >4. V ^ 

(2) The eultlplh Jit ion lenient e a a row 
3-2-6 deacrlbTM thW a a row 

array. a a row 

array hirn 3 ro*^ ^nd 2 objects In each row. 

0 Ttie firal nuwber In the «iul t ipl Uat Ion sentence 
trIM the number of raw*.. 

The second number leIN the number of ohjecta 
in each row. ^ ^ 

•'• 

®» • 
Here U an array. • • 

5 • 2 - 10 de%* rlhe^ II* array. 

^How Nwny row* ure there In the arraif? 

How^ny ohjeit* In each row-* 

_ \ 

Write a ^r^trme for thi* arrav: J J J 

Thl^ .irrrtv ha- t>^* wjlh 3_ ,»hjri t* In 
each row. 

TV multiplication lenience M 4 • 3 = 12. 



•orkehaat 3 (OMtlnuadl 



(S) trita a eentanca ta daacrlba • • • • • 
thia array: ^ . /O 

Hm rirat miribar telle the n«i(bar af jGLSfLf. 
Tliara era ^ roaa In the array. 

1^ aacand ntfdhar telle the n«*ar af sk^^S^S 



in each 

Hiara era ^ a^Jacta In aach raa. 



(j) Write a mitifllcatlan aantanca for aach amy. 



• ••••• 



(2) Owck your aork elth a friend. 
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0 Pr«» •!» •rr«y for 4 • 3 = 12 

• i # 

• # « 

• # • 

IV ttft m^r t«lU tKf ma^f of rati** 
ta» (|o acrot*. 

Your array aliouU havt 4 n^* 

The BeciHid mmUr wlla thr ro^r of obj.cta 
In each roe. 

Tour array ahould haw 3 objocta In oach ram. 



(i) Draw an array for fck aont«fK€, 



3.4 52 

\ 

• • 9 » 
9 • $ 0 

• # ^ r 

• • 5 =^ 40. 



3 . 3 = f 
9 • » 

6 • 4 - 24 



• = 40 



• • • • 

• • • • 

• % 9 • 

4 • « = 



« t 
# • 



• • • 

# ' • 



# • • • 

34 

t > f 

* ' • 

* • • 



»orkNlwt*r S 

; r U 27 , , 

iT* (>r«» .»> -Mnv rtM t.irin«Ur «rr«y« as you can for 

• i< b tMimb»*r . 

2^, *ritf-i TiuUirUv.it Ion sentence for each array. 



"T" 



: 5- '5 



1-^*4 



1> ^ •f.rfc*^**^* 



r«TiUfMir«% nn the next pa^« 
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On Worksheet 4' the children 
draw arrays for multiplication 
sentences. 

On Worksheet 5 the children 
make arrays and multiplication 
sentences for the counting 
numbers 1-10. y or example, 
they dra\5v all possible arrays 
that havo a total of 9 objects. 
Then they write a multiplica- 
tion sentence for each array. 
The children should save this 
worksheet for reference when 
they get to la^^r worksheets 
that ask them to write all the 
possible multiplication sen- 
tences for a product and to 
find all the factors for a pro-'"" 
duct. 



»ork!«heet 9 (CoctUnuedl 



1-7-7 

: 7-1 = 7 



\ t-% 

.... 2.-H-1 

a • 



10 

[MO^lO 

::::: 2-5^^0 

:: S'Z-io 



I-M 

3-3=9 



(2) 



3) <Ti«ck your work "fth 
a friend. 



0 



4) Sav« thU iiorkah4«t 
to help you do '^ther 
workaheetp. 



\ 



ifiit U 

you. Draw array* if y*Hi haw tw. 



product h 


k w« th« Mil Mnl U^'Moii %entence^ ty^rr"- | 


2 


2 1 = 2 
1-22 


7 


T • 1 ^7 


10 


-J. 10:^10 10-1=10 


1 


1 -) = i 


9 

LI 


' ' , ^ - 1 -i 

i — 


15 









Fa*t worKert tan do forkshee.i S and 9 
If your teacher tell* yo« 




Vorkalwet 7 

Unit n 



Ij^Vtli m the «ta.lni factor, and product*. 



on the t^txt iM of iH,rk-h<n't*. tnyt 

liny -irked ru«« nu^u«"^lon. until 
v«ur tearher telM ymi to. ^ 



llMd oacli amtoiKe 
Haro. 


Irli* y<w anawora Mra. 


3 - 2 = 


3 


2 




.7=7* 


/ 


7 


7 


4 • « = 


4 






1 ^ =9 


1 


J" 


5 


9 • 9^ 


9 


9 




. 3 = IS 


<^ 


3 


\% 


Caution: 


factor 


. factor a 


product 


32 = • • 


• 










7 




= 3.3 


5 







On Worksheet 6 the children 
are as)ced to write multiplica- - 
tion sentences for products. 
They are told to draw arrays 
if they have to . 

Worksheet 7 gives practice 
in filling in missing factors 
and products. In the process, 
the children also practice 
their multiplication facts. If 
the children do not know the 
products for some problems, 
suggest that, they use their 
multiplication machines from 
Unit 25, counters, or arrays 
to find the products .- 
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wesson WRITIN G MULTIPLICATION SENTENCES FOR PRQDunj ' 

The children writ« multiplication sentences for given products 
and study the factors for a given product. As a class they 
discuss the concepts on the first set of worksheets ^ 

MATERIrtLS • - . ) 

- Worksheets 8-9 (independent) 

- Worksheets lO-l I <fast workers) " 

- Worksheets 1 2-14 (discussion) 
PROCEDURE 

- em^"tj.f "'\=""';^'> Worksheets 8 and 9 imiepend- 
• I ""'■'^"^ complete Worksheets 10 and 1 1 

fntpeS:.""' ■ 

In Activity B the children discuss Worksheets 12,13 and 14 
c ass'peri^l B should be completed In one 

■ workshee s ' ^"""'^"'^■V about the 



\ 



Activity A 



\/orkshoot 6 asks the children to write four multiplication 
sentences with 10 as a product. The children circle each 
factor m each sentence, and then write each different factor, 
rhcy write eachvfoctor only once: 10, 2, and 5. 

On Worksheet 9 the children write five multiplication sen- 
tonces for the product 16, and then write the five different 
factors: 1,16,2,8, and 4. They also write sentences 
and factors for the product 9 . 

• \ 

Worksheets 10 and t I are for fast workers. On Worksheet 
10, the children draw arrays for the counting numbers I I -20, 
and then write a multiplication sewtence to descri>be each - • 
array. ' • 

On Worksheet I I the children write sentences for certain 
products, and then list the different factors for each product.' 









»ofk^h*et *l 




Init 






D 


\>rHr four x jl t Ipl lc«t Ion «ientence« that have 




the product 10. 






] lO^io. 10' ( ^ 10 , 










1" . 


Here are the iiul t Ipl teat Ion %enteru*en thnt ' 






have 10 the product. 






( \TK le each factor. " 
















G 


Write each f/iotor for the « 1 1 tpl Icat ton 




^eatencen *hat have 10 a* the product. Write 






eaih fnt lor only once.* \ 






/ , /o , ^ v-^ 






TV f«» tor* for the prodjuct 10 are: 






1. 10. 2. 5. 











\»orkshet't 9 



(X) *rlt*' fl\e mul t Ipl U at Ion seiitem c s Ahat ha\e 
the prtMJuct >6. ij^ (^4, It* ( ^ 10 



(2) \lrt(e the n\e different facC'^r*. I or the 

seiitciTces that have 16 a?s the product *rlte 
c.uh factor only once. 

/, ft., A,*, ^ 

(1) \*rlte, all the multiplication sentences wUh S 
n,*! the product . 



0 



® 



Write all the different factor** for the 
»entenfe« that have 9 a* the product. Write 
each factor only once. 



<T\eck your work *»lth a friend. There are 
three factors for (he ^ententes (hat have 9 
a* (he product. 
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/ 



\mnX torlwrt 



•orluhMt 10 



11 

••••••••••• ] 




12 

".. . \ 




::::3-f''l 


i -I 


•a 






:::^-3=/i 

• • • 






:::::: Z-C* 












\l 


if 


11 


u * 


15 


\'\S-v^ 












• 












• • 

• • 






::: 3"5'»5 




• • 

• • 

• • 

• • 

• • 










f 









> 



Worksheets 12, 13 and 
' r4 will be used for 
• class discussion m the 
next activity. But, \l 
some children complete 
the other worksheets ' 
rapidly and cofroctly , 
/let them try Worksheets 
12 and 13, if y^u v/ish. 



12 



(T) Df4« iMny re^tanijuUr arrayt you can for 4. 
• i^ch product. Ilien, write a aultl plication 
. a«ntence Tor t»ch ar^ay. 



.Moi'kf^heet 10 <(onnnuedi» 



16 



18 i-lSMf 

i ::::::::: z t'/S 
:::::: jH^^-^^''^ 



20 . 



/•ZO^ZO 



20-1 = 20 • 

^■5»zo' 



5-^'Zo 



17 



19 







.@ <l>eck your *ork * 
with a friend. 

(a) Save this workahc«t 
to uae later. 



Faat^ Worker! 



Worksheet 11 
Init 27 



Name , 



Write every imil t Ipl Uat Ion aeniea;e for each product. 
Then lUt ull the different factoYa. 



Product 


Multiplication ^entencea 


factora 


8 . 


^ 1 - 8 8 
8-1=8 
2-4 = 8 
4-2 = 8 


1,8 • • 


11 




1,11 ■ 






12 


i2-r « iz 

2-^ * 'Z , 
<.-Z^'Z,, ^ 

T^ere are alx aentencea. 




U 




2,7 . 






There ar« 
four tnctora. 



4 



Activity B - 

Give the children a few minutes to do Worksheets 12 and 13. 
After about 10 minutes , go* through Worksheets -12 , 13 and 14 
as a class. All children should be -included in this discussion. 

o 

Worksheets 12 and 13 review concepts presented on thfe first 
nine worksheets. By this time you will know any problems 
the children encountered in their independent work. As you 
go through the worksheets with the children, spend time re- 
. viewing the trouble areas so that alPcKildren will understand 
the work they^ have been doing . 

On one part of Worksheet 13 the children write the different \ 
factors for each counting numbejr (1-20). If any children have 
trouble doing this, suggest that they look at Worksheets 5 
and 10. (Not all children will have done. Worksheet 10.) 
, Lead them to see hew drawing arrays and writing multiplica- 
tion sent,ences can help them find all the different factors 
for a given product. " . 



f !••« Ducusilon 



VorRshMt 12 > 

tnlt 27 



_ _ f Ttor 



FlIU In »t»e 111^4 inc p*rt in the sentence •bove. 
7 and 2 ir* the ,Ui the sentence 



(j) tirlte all the Miltlpllcatlon sentence* that hav^ 
the product f . 



d) Vrlte all the Miltlpl Icatlon sentence* that have 
the product 13. \ 

1 -.1 13 . ' ■ • 



Worksheet 12 I Continued) 



0 9 ••• • 

J0 Draw an array with 6 rows J * / • • 
afid 5 ohjocts In each row; # J J * • 

• • • ; : 

• • • • • 

® Write a Multiplication sentence to describe tho 
..-r.yyo«dr.,. . 

Write a sail tipl Icatlon sentence 

to describe this array: ••••••••• 

c5 •<? i 

(j) Draw as^Mny arrajfs as you can with • objects 
In each array. Also, write a siultlpl leaf Ion 
sofiMnco to descrltw each array you draw. 
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2:' 



1 



tfili 23 



i) 



3) 



•5) 



Vrllc all the 1 
III* proAict IS. 



ulltpl li Mtlufi Hentriuvs that ha\ir 
\ % 18 



Hrltc all 



the farlor* t 



for 'lho«« *ent«M4rs you 



Write all the,fai*tor% for earh product Hr)(H». 
try to rind the factors «ltKoul «rllliK 
Milllpllcatlon sentences. You can «rlte 
^entrmes flr^t If yuu have to. IHlnf tse 
Vorkshect^ 9 and 10. i 



product 
t 

'~ 3 
~ 5 



factors 



product factors 



1 
i 

\ 5 J" 

i 7 



It 



13 
14 



7tY 



IP 



If some concept has beeh 
particularly difficult for the 
children, take time to pre- 
sent other examples. Ac- 
tivity C provides an expla- 
nation of some of the con- 
cepts. You may want to 
raad the commentary before 
doing Worksheet 14. After 
completing Worksheets 12 
and 13, you should have a 
gopd idea of how the chil- 
dren are doing and what 
areas need extra work. 

On Worksheet 14 the chil- 
dren classify the set of 
counting numbers ( I -20) 
into subsets according to 
the number of factors each 
has. The worksheet tells 
the children to study the 
thart of factors they made 
on the previous worksheet. 
■ If you feel the children 
' * need additional practice 
m writing multiplication sentences and in identifying the dif- 
ferent factors, have, the children construct another chart on 
the chalkboard". For each produc" a different child can write 
the multiplication sentences and list the factors. Then each 
child puts each product on the correct branch of his worksheet. 
You may want to draw the tree on the chalkboard also. 



t J 4 



10 



Z 7 



15 



* »5 5. y 



16 



17 
19 



1,17 



20,2 



(?) Save this workuheet to help you do Worksheet 14. 



lull H 



N«i«r 



7) Umk 4l thr haft »H- l»*»rhNhe«'l li. tou IouikI 

^ Here Ihe >»r! «if produt U- 

I, 2. J, 4. 5. fr, 7. ». 9. 10. 

li, 12. II. 14. 15. lb. 17, IH. 19. in 

t*ih hramh of the irrr on ihr nrxl p««r l» 

produt t oil thr hr.uuh ihjil leiK ho* main 
f tt tors that proilu* I ha*^x 

'4^ h»r r'KiHiplr rh«' pr"<lui I 2 has tmi l.u lorv, 
2 I'*' »!?' Ihr hratuh thai >a\N lw» f.i» lor*.^ 




(Optional Commentary) 

This commentary provides further explanatiqn of some of the 
concepts presented on Worksheets I through 9. If the chil- 
dren had trouble on this first set of worksheets, these com- 
ments might be helpful for you to plan additional work for the 
children. If several children need additional help, you could 
take those children asiSe and go through Worksheets id aod . 
1 1 with them. These worksheets were for fast workers, but 
can also pro.vide additional practice for other children. 



On Worksheets I and;2 the words "factor" and "product" 
were introduced in order to provide a convenient language for 
later work. The word product is used somewhat incompletely 
here because in the sentence 3 • 4 = 12, the expression 3 • 4 
could also be called the product since it is another name for 
12. The children arc not given a definition of product, but 
are only expected to identify a product in a multiplication 
sentence and fill in missing products in other sentences. 



The use-of arrays on Worksheets 3 and 4 provided a graphic 
picture of t;he inultiplicQtion operation with whale numbers. 
The commutative property (2 • 3 = 3 ' 2) and the multiplication 
property of one (! • n = n) should become obvious when manip- 
ulating arrays. 

On Worksheet 5 the children found all the possible airays for 
each number/ The activity was purposely open ended so that 
the children had the chance to explore in a nonstructured sit- 
ation. Although the student might not have found all arrays 
(or- factors), he was encouraged to find all that he could. His 
previous knowledge of the multiplication facts should have 
proved helpful. He discovered whether or not he found ill the 
arrays (or factors) when the class discussed Worksheets 13 
and 14. Drawing arrays on previous worksheets provided a 
means of finding all the factors for a given product. Work- 
sheets 6,7,8 and 9 gave the children practice in writing mul- 
tiplication sentences for products and in isolating the factors 
for giv^n products. Any children who had trouble finding all 
factors for a product should be encouraged to^draw'all the 
possible arrays first. 




This is the instruction 
page from the Student 
Manual for Lesson 3. 




Lesson 3: MATH GAMES: MULTIPLICATION, ADDITION 
SUBTRACTION AND COMPUTATIONAL SKILLS 



The games in this lesson provide practice with basic multipli- 
qation, addition and subtraction facts / and if extended, prac- 
tice with computational skills. You should devote a leisurely 
•ckiss period to teaching the first version of both games. The 
games provide a pleasant break in class routine and can be 
used again later in the unit whenever you feel the children 
need >a change from the independent work they will be doing 
on the worksheets. For children who complete the worksheets 
in each lesson rapidly, you may want to suggest that they 
play tHese games in their spare time.. Encourage the children 
to play them during free periods or whenever they have -time. 

MATERIALS - 

f — for spinner game — 

— spinners 

— spinner discs, numbered 0-9 

- dice, numbered 0-5 and 4-9 
paper and pencils 

for factor game - 

- paper and pencils 

Assembled Spiiiner 

PREPARATION 

You or th? children should get the metal spinner arrows, 

pinner bases and the white squares from the thirti -grade 
kit. Draw a circle on each square and divide it into ten 
parts. Number the parts 0 through 9. This is the disc. 
Aosemble each spinner by putting the disc on the base and 
the motal arrow through the disc and into the base. 

« 

PPOGEDUKE 

Th<^ro arc two games with several versions each. After the 
rhildron icarfi the first version of each, teagh them the others 




0 

and encourage them to make up new versions. Do not put too 
much pressure on these games, but rather encourage the chil- 
dren to hdve fun while learning. You should expect a reason- 
able amcvat of noise while they are playing. If some children 
are playing games while others are completing the worksheets 
in later lessons, have the players go off .to one comer of the 
room and remind them to play as quietly as possible so that 
ihoy do not disturb tne other students. 



SPINNER GAME : . 

The four versions of the spinnec-game provide practice with 
multiplication, subtraction and- addition. 

Version I 

Two children play this version. The players have paper, 
pencils and one spinner with a disc numbered 0 through 9. 
The first player spins, the spinner»twice to generate two fac- 
tors. He Multiplies these factors and lecords the product. 
The second player spins twice, multiplies the factors and 
records hiS product. Then the first player spins again. The 
game continues until each player has generated and added 
three products. The player with'the higher score after adding 
three products wins the round and gets one point. The first 
player to win five points wins the game. 



Example: 






Alan 




Lyrme 


7 • 1 = 7 


9 


•1=9 


7 • 6 = 42 


2 


•7=14 


8 • 8 = 64 ' 


4 


• 0 = 0 


113 




23 



Alan wins one point for this round. 



The students might wish to add another rule that any player 
who spins 0 • 0 wins the point, and a new round is started* 

The game could also be played with a pair of dice, one num- 
bered 0-5 and the other 4-9. (Regular dice could be marked 
with numbers or used as they are.) 

J? 

ion 2 

Two or more children play, using paper, pencils and the 
spinner or dice. In this version the children set a goal, for 
example, 125. One child spins to generate two factors, 
multiplies them and records the product. The next child does 
the same. Each player adds his products after each turn dnd 
keeps a running total. The winner qf the game is the player 
whose total gets as close as possible to the goal without 
going over it. If a player goes over the goal, the other player 
wins that game.^ (If several children are pilaying, the child 
who gets closest without going over wins. Any child who 
goes over the goal is out of the game.) If a child gets close 
to fhe goal, he may choose to "freeze" at that score and he 
may not spin again for the rest of that game. 

For further variation, the children might wish to play the game, 
several times. The child who comes closest to or reaches the 
goal each time gets one point. The first child with five points 
wins • 

Example: Goal =125 



Bill 




Joe 




X 7 = 


-■ 35 


3x7 = 


21 


X 5 = 


5_ 


5x9=, 


45 




40 




66 


X 7 = 


21 


2 X a = 


16 




61 




82 


X 6 = 


6 


4x9 = 


36 




67 




1 1 8 Freeze 


X 8 = 


32 








99 


Joe wins the game (or one 


X 9 = 


18 


point if they are playing 




1 17 


several times). 


X f5 - 


24 








141 







Bill lost because he went over the goal. 



Version 3 

Two er more children play. The players choose a starting 
number, say, 125. Tiiis version is similar to Version 2 except 
that this time the children subtract the products and work 
back to zero.. Whoever comes closest to zero {or hits it 
exactly) is the winner of the game. Again, the children 
might want to play several times, giving one point to the 
winner each time. 

Example: \ 




Pat 




Lori 




125 


125 


5 X 6 =_ 


-30 


5 X 9 = -45 




95 


80 


4x5 = 


-20 


6 X 6 = -36 




75 


44 


1x4 = 


- 4 


3 X 8 = r24 - 




71 


. 20 • 


3x4 = 


-12 


4 X 5 = -20 




59 


0 


3 X 8 f 


-24 






35 


Lorl can't be 


3x6 = 


-18 


beaten — only 




17 


tied! 


4x4 = 


-16 
1 




5x7 = 


-35 





Pat wentxpast 0. Lori wins. 



Vers ion 4 



This version, called "tug-o-war," is played by two. students 
with one sheet of paper, pencils, a spinner and a disc hum- 
ber^d 0 through 9. Each player, in turn, spins the spinner 
to generate a product. One player's goal is to reach (or pass) 
100 by adding each of his products to the running total, the 
other player's goal is to reach (or pass) 0 by subtracting , 
each of his products from the same total. They start with a 
.score of 50. The players must decide who will add and who 
will subtract. ^ 



2U. 
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In the sample game b^^low , Kim spun 7 and I on her first turn, ' 
so she subtracted the product, 7, from the starting score, 50. 
Jeanie spun 9 and 2, and added her product, 18, to 43, bring- 
ing the running total up to 61. Then Kim spun 3 and 4, and 
subtracted 12, which made the total 49. Then Jeanie spun 7 
and 8, and added 56 to the running total. SKe passed her 
cjoal, I'OO, and won that game. 

Kim (goal = 0) Running total Jeanie (goal = 100) 

50 

7-1=7 - 7 



43 

+ 18 9 • 2 = 18 

61 



/ 



3 • 4 = 12 - 12 

49 



+ 56 7 • 8 = 56 

105 

Jeanie passed her goal and won. 



FACTOR GAME 



The two versions of this game provide practice in multiplying 
and in writing -multiplication sentences. 



4 



I 



Two btudento pldv this version with paper and pencils. 
Pliycr A writes the whole numbers J through 20 on a piece 
of paper, Pldver B circles one number and then writes as' , 
many multiplication sentences as he can, with that number 
as the product. Player B gets one point for each sentence ^ 
he wrote. 

Example: 

12 3 4 5 © 7 8 9 10 IL 12 13 14 15 16 17 18 19 20 

Player B chose 6 and wrote these 
examples: I • 6 = 6, 6 • I = 6, 
2-3 = 6, and 3 • 2 = 6. Player 
B got four points for his first turn. 
Now Player A^chooses a number, 
draws a box abound that number, 
writes the sentences and gets one 
point for each sentence. 

Each player goes* through the 
proc€idure again. After each 
player has had two turns, the 
children add their points. The 
player with the highest score 
wins that round. 

Then the players play another 
round, each having two turns to 
choose a number«<and write the 
sentences. This round starts 
using only those numbers that 
had not^been chosen in the first 
rcnind. After two turns each, 
'they add theii points, and deter- 
. mine the winner of the second 
. raund^Using these 20 numbers, 
,the children caaplay five,FCjnds. . 
The player who wins three or 
more rounds, wins the game; 




3- 



Example: 

! 2 3 4 5®7 8 (D [m] II M '3 14 15 16 17 18 19 20 



4 points 




Kristi 

2 • 5 = 10 
5-2=10 
I • 10=10 
10 • 1=10 



4 points 




7 points = Bill's total 



1-12=12 



12 
2 
6 
3 
4 



6 
2 
4 

3 



12 
12 
12 
12 



> 6 point* 



J 



Kristi's total = 10 points 



Kristi wins the first round. 



Version 2 



The game can be extended by using numbers larger than 20/ 
^for example, the numbers between 20 and 40. Encourage the 
children'to think of other variations. 



3:' 



23 



Losson MULTIPLYING BY 0 AND 



In this lesson the children learn to multiply by 0 and I . 
Worksheets -and multiplication charts provide additional 
practice with. factors and products and with simple i*a-lti- 
plication facts. The worksheets review ordered pairs and 
using'numbers in an ordered pair as factors in a multiplica- 
tion sentence.. 



MATERIALS 



— Worksheets 1 5 - 24 (independent) 

— Worksheets 25- 26 (fast workers) 



' PROCEDURE 



Init 27 



!n thi* le-'son you do »orKe»wet« 
15 - 24 a!»nr nr with a p«rtner« F««t 
»ork»r«» t ar *> iork^hefts 25 »nd 26. 



r Multiplying by zero In eji«iy. 

.When y«m •ultlply bv 0, the product U «l*»y^ 0. 

0 

(J) If you draw An amy" with 0 rows and 3 object « 
In ea h row, you l^ve 0 objects. 
If vou multiplv 0 • 3, ^he produi I In 0, 
0 . > ^ 



^ When you willlply by 0, ihe produi t M «l*«y< 0. 
When vou w a ■wl l ipl I* *t loti problem »uh 0 a* 
a fa* lor, you kjKm tht product \% — Q, - 



0 nil III the «U«ln« Prorfut ts 
•5 . 0 i2- )W • 0 = i 
" ' ^ 711-0 



product In ea»h' prn 



o 



= 9-0 



(5) product In ea»h' pri»b!e« abo%e la 0. 

Whenever 0 |a a factor, jbe produtl Isi *l»ay» 



The children conxplete 
Worksheets 1 5 through 
24 independently or with 
partners.' Fast workers 
should go on to Work- 
sheets 25 and 26. 

On Worksheet 15 , the 
children leaVn a. property 
of multiplying by 0. 
When 0 is a factor in 
a multiplication sen- 
tence, the product is 
always 0. Zero times 
any number is zero. 
The children' do several 
problems with 0 as a 
factor. 



24 
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«ork»he«t 16 

liilt 77 



0 ^Ulplylnn by one I ■ tmmy. 

When one ficlor »• I, lb« product !■ the iuc 
ftH the olh«r fillor. 

(2) If ytMi dr« «ii •rr«y wUh 3 rw *nd | object In 
eiijj ro», you have 3 obJecU. ^ 

If you Milllply 3-1, * i 3 

the product !■ 3. • 3 - i = 

(5) When you -ultlply by I. the product !■ mXwmy 
thift «««e Aft the other factor. 



d) Vm in the «l^^ln« product*? 



= 3-1 



(j) In the f Irtt problem, the product !• I». 
The product in th^ seiond problea Is 57. 

*T^c product ir. th<f third probica 15 3- 

0 Fill in the nlitln* product*. 



7893 



(J) <tick your *orV with a friend. 



\orktheet^ 17 

Unit J7 *' 



Nan 



vFlll In the mlMlfw factor* and product! . 

r the propertleaTof inil t'lplylnic by 0 and 



Plead the ■ulUpllcatlon 
aentence here. 


Write your amiwra * 
her*. 




factor ■ 


factor > 


prmiitct 


0 • 15 = 




15 


0 


0 • 41 = 


0 


41 


0 


1 . 15 = 


1 


15 


\5 


1 . 41 = 


1 




Mr 


- 31 •= 31 








. 31 = 0 


0 


31 


0 


•1 ■ 0 , 


•1 


0 


0 


0 Ml ' = tl 


•1 


1 


•1 




firlor ' 


factor ' 


= product 


=9-0 


9 


0 


0 


=9-1 




1 


<? 


= 1 -21 


I 


21. 


jii; 


^ 0, • 21 


6 


21 


0 


13 - . 13 ^ 


1 


i3 


13 


0 = • 13 


0 


13 


0 



J 



■ Worksheet l'6 studies I as a factor. Jhe children discover 
thrat vhenever I is a factor in a multiplicatioft sentence, the 
product is always the same as' the other factor in the sentence. 
Tl\5 'effect of multiplying by I is also illustrated by repeated 
.addition and arrays. The children fill in missing products of 
sentences that cpntain I ais a factor. 

. \?i\ffksheet .ly 'gtves additi'bnal practice in multiplying* by 0 
an4 L. PcJint out to the children that whenever they encoun- 
ter a tnultiplication problem with 0 or I as a factor, they 

fin quipkly fill in the product using the two properties they have 
atne$.)oEmphalize that the children must be alert to notice 
0 and I 4s factors in problems , but that they do not need to 
spend*rnuch time memorizing or practicing multiplication by' 
0 or I : * • ■ 
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Worksheet 18 introduces the 
use of 111(4 It iplicati9^ charts . 
The numbers across, the top 
and along the side of the 
chart are factors. The num- 
bers in the squares of the ' v 
chart are products. The chil- 
dren study a chart with num- 
bers 0 through 3 acros? the 
top ^nd 0 through 2 along the 
sidp, and write the products 
and multiplication sentences 
in the squares of the chart. 
The children use the chart to 
work a few multiplication 
problems. Then the children 
fill in thp multiplication sen- 
tences and products on a 
small chart with 0 and I as 
factors • 



■orluhMt It 

Unit 27 " 



Look at tha mlt Ipl Icatlon chart below. 



© 

(2) TIm riMiikort ac^a tlit top ara fa'ctora. 
1lM|;^iyiibtra down the aUe are factora.- 

(D k Mltlpltcatlon pfoble* la written In eacf! 



Hie preduei for the problea la alao In each 
e<|iiefa • 



0 Uae the chart to 
A> theae'probleaa. 

o_ 

6 . 



factora 



0 
2 
1 
O 
1 



0 



e 


0 


1 


2 


3 


0 








u > 
u » 


1 






i 


» } 


2 




I 


i i 
4 


i } 



® Fllh In the 
nit I plication 
problM en4 the 
' .preiuct In each 
' ioiiara of Ihla 
< mil tl plication 
chert. 



factors 



e 


0 


1 


u 
0 


00 


0-1 


u 
m 

" I 


IS 


/•-/ 



Name . 




Worksheet If 

Unit 27 



e Turn tcr Worksheet 20« 

•Use this chart to help you answer the questions on 
Worksheet 20. . 

0 I 2 3 4 5.6 7 8'* 



r 



o 3 



O 7" 



~ — ^ 



r — \ f ' 



0 



Save this chart to use later. 



Worksheet 20 

Unit 27 



-Nasi 



0 VooV at the sail t Ipl Icatlon chart on Workaheet 19. 
0 How^Mpy aquarea are there In the whole chart? 

mftt: Thlnl^of It aa an array with ten rows 
* and ten objecta In each row. . 

* * 
0 Use 0 aa i factor. 

Fill In as many products as you cap with 0 aa a 

' ■ /9 



factor. 

How nsny^Muarea did you fill In? . 



0 Uae I aa a factor. 

F^l In as sMny products as you can with I aa a 
'tor. ffj 
mny equarea did you fill In? — 1 

» 

0 Ualnft 0 and I aa factora, I filled In 
aquarea. 



3(0 



0 Tliat mana^there are ....^ aqua rea that are not 

filled in/ 

0 Check your work with a friend. Save the chart 
on Workaheet 19. 
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On Worksheets \S and 20 the children study a multiplication 
chart that has factors 0 through 9 along the tSop and side. 
The chart is on Worksheet 19 and some questions about the 
chart are on Worksheet' 20. The questions on 20 tell the 
children to fill in squares of the chart. 

First the children determine the total numb^p-of squares" on 
the chart (100) Then they fill in all the products using 0 - 
as a factor. These products are all zero and go in the first 
row and first column of the chart.^ (There are ^9 squares 
with 0 as the p'roduct.) Next they fill in all products using 
I as a factor. Each product is" the same as the other factor. 
These products go in the second row and second column of 
the chart. (The children fill in 17 squares using I as a 
factor.) The children see that they can fill in 36 squares 
of the chart using 0 and I as factors . Tell the children to 
sayp the chart to use later. 




Utit 27 



Hrr« i» •!» 4rM> ■llh I ro» JJid 7 i>bjr* 1% lii the 
lu.- •«««««« 

riiH«h Ihe •Mil iplj^^t toil ^riilrmr IhaXjleMTthe** 
the tout niiMbrr o'f p^jritw: I • 7 



in ft juap 



l-ini^h thr wlllplUatlon nirnleru* that dr^irlhe* 



♦4#rr i«* Arr^> with 6 n>«H I 
tnd I ot>;v« t Irt ra< h ru«' I ' 

•rttr tlv ofcj^rni pMir for ihm ^rray 
fiiti>h thr -^jIlipli'-ilKn* *.<*iileiitc thai describe* 
the total nuwbrr «>r «»»»jr« Is In Ibe'jirray 



H^-rr 1% * nu»h*T line sho»ln< 7 ^uwp^ *i>d I ipft*^ 
III rath JiMP' 

. a. .\ i V ■ % i 

\) 

»rltr the ordrrrfl pair -\ . j. ' ■ 

»ritr the «wlt ipH« at io«i senteiue Ihflt «lescrlbes 

the fotrti nupbrr nf spftii?^. "7 ' / - "7 



•orkthe<*t 22 ^ 
Inll 27 



0 



liert* art* the «jth»erM fur MrorkMhert 21. Ctieik 
ytMir »ork» 



I • 7 7. 



6 • I = 6 



hf»x 2t I • « - 6 

box 41 i7, U 

7-1=7 



Vrlte an ordered pair for 3 ro»c ftnd 2 objecli ^ 



In each row. 



Draa an array with 9 ro«« and 2 ohjecta In «ach 
row, f • 



«rlte taultlpllcatlOT •«n(cnce to describe the 



•;array. 



3 'Si t 



»rUe the ordered pair and the ■ultlpllcatlon 
<»entence for thU array: 

ordered pair 



■ulttpiicallon aentcn' 



ice ^ ^ 5l_ 



Vork^hert 23 

!nlt Zl 



Vise 



\ '2, 4' I* an ordrred pviir. 



The fir* I wewher »>f ihe pair li C\ .... 
rhr ond iirmber of Ihr pivlr 1'^ , ' 



2' Writ*- ii illfferr^ nnJ^r***! pair u«init 2 and 4. 

The fir^t «e«*er . 

Si 

"Hk ^erond KMher X% 



i ^ \^ ^\ \n Att ordered j<al 



•rite A differer.l nrdered pair 
u<«1n« ) and 9. 



VorkahMt M 

Uilt 27 



«rlt« ordered pa Ira and Mlt IplUhi Ion aentcncea 




two mativra 


arderad 0a Ira 


aaltlpllcatlon acntancca 


( and 3 


( w ,3 r 
i3 > . 


t-3 = IS 
>■ t ' 


• and 9 

• 

^ 


lir ,n I 
(i .* 1 




7 and ( 


(*7 , fc r 

it ,^ 1 




4 and « 






3 and • 


• «5 , r 1 

iSr.3 . 




Chooea your 
««n mwfura. 

and 
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On' Worksheets 21 and 22 the children study ordered pairs of 
whole numbers. Arrays and number lines illustrate graphical- 
ly an interpretation of the ordered pair, and also illustrate 
multiplication by I . The student applies the operation of 
multiplication to the ordered pair. In the first example, the 
children study an anay of I row and 7 objects in the row. 
The ordered pair is ( I /7) . The numbers of the ordered pair 
are u^ed as factors to produce a third number, the product: 
1-7-7. 

On Worksheets 23 and 24 the student? again study ordered 
pairs, this time writing two pairs for a set of numbers. The 
numbers in the pair are used as factors to produce a product. 
The children see that two ordered pairs using the same num- 
bers generate the sarpe products. For example, the numbers 
2 and 4 can be writtenln two different ordered pairs: (2,4) 
and (4,2). Using the numbers in each pair as factors, the 
children write two different multiplication sentences, but each 
has the same product: 2"* 4 = 8 and 4 • 2 = 8. 

Worksheets 25 and 26 are for fast workers. 

Worksheet 25 provides practice with simple addition, sub- 
traction and multiplication facts. The children work each 
problem and then put the numbers from the problems into a 
puzzle that resembles a crossword puzzle. 

Worksheet 26 involves multiplying by 0 and I . With multi- 
plication problems and word problems the childreA see that 
v;hon the product is 0, one factor in the problem is also 0. 
They see that when one factor is I and the product is, say, 
2 1 , the other factor is 2 1 . 

Children who complete these worksheets quickly should be 
encouraged to play the spinner games. ^Or, they can fill in 
the remaining squares of the multiplication chart on Work- 
sheet 19 . 
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trtti In ••ck kM. Um t«» koiir* for a 



« 


IM9I 






} 


a a na 




f 


a □ 




aa Q 






1 



a. 2 • • « 

b. 3i - « - ^ 

c. • 4 = 12 

4, 5 • 2 * 

a. 3 • I « 

f. 3 • = 15 

€. 4 • 4 = 

h. 3M • 0 ^ 

1. *l • I = 

J. 12-5= 

I. 2 • 4 5 

•. 51 - If = 

n. 3 • « = 

0. 100 - 13 = _ 



b. 
c> 
4. 

f. 
t. 
i- 
k. 
I. 
•. 



4 . 5 = 

15 ♦ 1« = 

2 • 7 = 

!•♦!•= 

io - » = 

» ♦ • - ' 

#> ♦ » = 

2 • « = 

14 ♦ 19 « 32 ♦ 17 
19 ♦ 19 ' 



Uilt fl 



■IM M ract«r la 0. tk« pr«tel la alMjra. 
«Mi tka puiTt la 0, m raet«r la — 



0 . 0 » 



^ %r tm faetM ara 0, tkt p f i r t la — ^ . 



VMM %«• ract«r la I, tfca pmi^tct la al«iy« tk* 

MM «^ trkc oi"t €r S^dot . 

If ana raet«r la I mi tka fr«*Kt la 21, itet la 
tka •tfcar ract«rT ^ ^ 

If mm factor la I airf tka p iaia t t la 937, M 
tka ©Ifcar factor? « ^ 
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Lesson 5: USING A LETTER AS A PLACEHOLDER FOR A NUMBER 



In this lesson the children are introduced to the Idea of using 
a letter as a placeholder for a number. First they use letters 
in addition problems (n = 6, I + n = ?) <ind then in multiplica- 
tion problems (if n = 2, chen n • 3 = ?). The woricsheets re- 
view multiplication by 0 and I , using letters as factcj^, writ- 
ing ordered pairs , drawing anrays for (^ered pairs , writing 
multiplication sentences to describe anrays, and commutativity 
of multiplication. 



MATERIALS 

- Worksheets 27-29 (independent) 

- Worksheet 30 (fast wooers) 

- Worksheets 31-33 (discussion) 

PROCEDURE 

In Activity A, Worksheets 27, 28/ 
and 29 are completed independently 
or with partners. Worksheet 30 is 
for fast workers. 

In Activity B you discuss Worksheets 
31,32 and 33 as a group. 

Activity A 

Worksheet 27 introduces the \xse\ 
of a letter as a placeholder for a 
number. Examples are given for 
addition problems. The purpose 
of the introduction is to familiar- 
ize the children with the use of a 
letter in place of a number^ and to help them discover how to 
detennine what number a letter represents, and how to deter- 
mine the sum of a letter plus a number when they have been 
told the value of that letter. In the first example the children 
are told that n equals 6. If n = 6^ then I + n is equivalent to 
1+6. The sum is 7. There are other similar examples. The 
children are given some of the answers at the bottom of the 
second paqe so that they can check their work. 



tt 30. 





Ol«ciit»l«fi,- mill fmr ttcclwr ttllt ymt u. 



Uilt t? 



T) Ym c*n iM« a Utter in plsie of » nijmber . 

Ufa try mm aMItlon fr«bl«M m\tm l*tt*r«* 

T"' Ufa My tHat n - «. 
I ♦ n * ? 
I ♦ « - 7 
I ♦ n - 7 

'S^ Ufa aay tHat b ^ 2. 

b. ♦ 3 = 

b . I 

^ If p - 4, th»n p ♦ p - S 

dwelt tHIa amwrr alth a friend. 



VvrMwtt 27 (OMtl«M»tfl 

Htr« art mmm A4iltl«a pr«M4ai, iMlag I«tt4ff« 
In plmem 9t mah^ra. 
>rM tto MM. Mi. 

RmlU Mcii pra^lw iMlag wm^n If yw 



INIM: 3 ♦ 4 ■ tl 



If r 




tbM r ♦ 4 ■ n 


It 9 


«s. 


► ♦ 10 » (5^ 


If X 






If 4 


- 


tlM tt ♦ 4 « 


If k 


» 3. 


tmm 7 ♦ fc «• lO 



Omck ymtt mrk. it jpv ■»! aiqr t 
rM4 thia • T to N at •filll. 
Itor«^i« tl« MvvrB: 7, IS. «r, 17, 10. 



toraaheet 2$ Saae 


Unit 27 




1^ A letter can replace a factor In a 
witlpllcatlon proble*. 
In thee* proble«a ee elll uae lettera aa 


factor*. 


? Let a aay that n s 4. 

Here la how you find the pmduci of 1 • 

n ^ 4. 


i( idten 


n = • 

1 • n = ? 

1 • n > 1 • 4 

1-6 = 4 

1 • n = 4 




^ Ufa aay that a 3. a x 3 

1 • a = ? 1 - a s ? 
Find the product. 1 • a = 1 • 






= 3 


m 1 • a ' ^ 




4 rind the ati^l^ff prodvcta. 

Mverlte thi ^rekle* mitm the mMber In ^lace of 
the letter ofily If you have to. Try not to 
rewrite th» ^rohle*. 


If X ^ 4. then 1 . » - 7 
If n = 2. then-n - 1 ^ 
If « « 7, then 2 • « * f H 
If y ^ 4. then y • 3 = 





VerteliMt m lOMtliMedl 



0 



If y«i had tr«*l« rindlnc the predw c ta t« the 
freihlMe In iM^r 4, read the f Irat pane af 
thia aarhahaet a«aifi. 



are \9 the yrahlaM in iwribar 4 are: 



0 



If X ■ 4, thM 1 • X * 4 

If n « 2, tlM n • 3 ■ T" 

If X ■ 7, than 2 • X ■ 17" 

If y ■ 4, tiMi y • 3 ■ IT" 



rind thi alaelnt ptai t ta. Try ta «ark Hia 
pryklana nlthant rawrltlng tha«. 

If « - 10, than • • a - 

If • ■ 7, than 2 • • ■ ^ H 

If 4 ■ than 4<*« 3 ■ 

If 4 ■ 3, than 4 • 4 ■ ^ 



If X ■ 3, than.x • 7 - ^ ^ 
If n ■ than 3 • n ■ ^ ^ 



© 



Chack fmr «ark aith a frland. 
If yea tm$$ alatahaa, try the trabi 



ana afaln. 
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On Worksheet 28 the children begin using letters as factors 
in multiplication problems. The children are told the value 
of a letter and thpn are expected to use that letter as a fac- 
tor to determine the product. 

Worksheet 29 reviews the properties of multiplying by 0 and 
I in the context of using a letter in place of a number. For 
example, the children are given several problems where n =0. 
n is a factor in each problem and the children must find the " 
product, which is 0 In 3ach case. In other problems the chil- 
dren are told that x = I . x is a factCMr in each problem. The 
product is always the same as the other factor in the problem. 

Worksheet 30 is for fast workers. If the children have trouble 
with Worksheets 28 and 29 , you may want all the children to 
do this worksheet. It provides additional practice in multi- 
plying using letters as factors. 



la ftlwyt 0. 

;T) 0» tfmm pn^fmB, n * 0 In Mch ff^im. 

n . 17 r 0_ n . 5 . n • • .0 

12 • n « 0_ Q_ « n • 7 O « n 



^ In th» yrtbiMM In xmiamt 2, n « 0, tM 

^ prj^t of Mch yrotolM l» 0. 

In X\m 9r«^lMi In nuaitmt 3, iMrt x » J, tl» 
p f iwct of OMh fr«blo« I* !!• 
othor fwtor. 

ri) If yoH •istsiM, ttv^ thU voflM^t Mam. 



iFlitt VorlKral 



VorkshMt 30 



Uilt 


2T 




Find 


ttie alMlnir products. 


If n 


£ €, then n • 1 ~ 




If b 


= 4, then 5 • b - 


3L0 


«f « 


' 7, then « • 3 = 


^\ 


If X 


5= 0, then K • 5 = 


0 


If z 


' 3. then z • 0 - 


0 


If q 


- 13, then q • 1 = 


/3 



Check your •nnwrd «lth • friend or salt yoiir teochor 
for the correct arivere. 
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Activity B 

Give the children a few minutes to do 
Worksheets 31, 32 and 33. Then, as a 
class, discuss these v^rksheets. 

Worksheet 3 I includes a review of multi- 
plication by O^and I . The children work 
problems involving factors of 0 and I , 
and they review the properties of multi- 
plying by these factors. Ask different 
children to give the answers and reasons 
• for answers to the problems . The work^ 
sheet also includes a multiplication 
chart that gives practice in multiplying 
by 0 through 9. You may want to draw 
thistchart on the chalkboard and ask dif- 
ferent children to come to the board to 
fill in the squares. 



(?) Od Um problm: 
0 • » 5 O 



9 • O 

0 • 0 



(a) nil In Ikt aUtlnf pratactc 

•M . I .Jli I . *3.J^ 
WtmnnuT m» rtclar U I, ttm pntaet U tltajr* 

(j) rill In ttm t f t ut f In tku anltlrllcatKHi ctart. 



I I I 

0;0 \0]0 



TTTTT 

I I , ,^ 



1 



DUc(»«lonl 



Vorkahcet 32 

Unit 27 



Nan 



( T) Write tiro different ordered iMiIra «fth these 
mfllwret: € and 3 ^ 

loncpAlrl lanotKer pulrl 

t?) Dr«« an array for each grdcred pair: 



• • • # a # 

• # • a # ^ 



• • • 

• * # 

#••##• 

» » » ^ , 

I array for firat pair! < array for second paTrT 



( 3j Write a Multiplication aentence that deacrlbca 
each array: 



(first array} 



faeconi array) 



fi) If n = 3, then n • 7 * ^LaND n < 5 = iJl 
If X = 4, then x • I a= ^^AP© I < x = ^ 
If a = 0, then 13 • a -.^AND a ■ 7 x 



If V 4, Ihfii V • 3 ^ L^ASti 3 • V 
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On Worksheet 32 you discuss with the children the concepts 
of writing ordered pairs, drawing arrays for those pairs, and 
writing multiplication sentences to describe the arrays. Also 
on this worksheet, the children get additional practice in 
using a letter In place of a number. The problem* give prac- 
tice in multiplying by 0 and I (with ^ letter as a number) and 
also provide examples of the commutativity of multiplication. 





Class Discussion | 






ioniM froblew Vor Expert* 


II n.O = A. 




21 1 • t = ^ 




0 

3» 2 • 1 • 0 = 




41 3C74 • 0 = ^ , 




51 ^ = n • ■ • 0 




«1 ^ « 1 . A . 0 

71 5L=: 3 . 0 . 4 




Hike up • Ytard problcn. Tell it to your teacher 


«4«en the calls on you. Do you think the other 


students vill know the antiwer'' Be sure you knew 


the answer: 


^^^^^^^^ 




Worksheet 33 is called "Bonus Problems for Experts." Dis- 
cuss these problems as a class, but let the children give you 
the answers before you tell them whether or not they are cor- 
rect. Encourage all the children to try to be experts! If the 
children have trouble with a particular problem, remind them 
of the property that applies to that problem. In the first prob- 
lem, n • 0 = , the children have not been told what n equals. 

But they do not need to know, since whenever 0 is a factor, 
the product is 0. In the third problem, 2 • I -0, suggest that 
the children multiply two factors at a time: 2 - 1=2; 2*0 = 0. 
The children should see that no matter how many factors are 
included in the problem, if one of these factors is 0, the 
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product is 0.. In the sixth problem. th6 children may wonder 
^ how to multiply fractions 7 Le|ad thetn to reaUze that because 
one factor is 0/ the product ii zero. They do not need to 
know the product of one-half times one-fourth. 

At the bottom of the worksheet, the children are told to make 
. UP a problem. Cali on the children to give their problems. 
Ask other children to tell the products . 



In the iw»« nt of •ork»l»««», you ■111 b« 
sludylDK bll»«»r«l tyawlry. Itere are tern 
euaplca of bilateral ayinetry round In nature. 




This is the instruction 
page from the Student 
Manual for Lesson 6. 



r 
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Lesson 6: BILATERAL SYMMETRY 



In this lesson the students study bilateral symmetry in pic- 
tured and in some addition and multiplication charts. The 
children measure angles with their clock protractors. .They 
discover that when the factors are arranged in numerical 
Older on a multipUcation chart, the products possess bilat- 
eral symmetry. 

MATERIALS 

f » 

- rulers 

V 

- scissors 

- clock protractors • (from Unit 26) 

- Worksheets 34-39 (discussion) 




PROCEDURE 

In Activity A the children complete Worksheets 34 through 
39 as a group. Activity B is optional commentary concerning 
bilateral symmetry* 



4 



Activity A 

On Worksheet 34 the children cut out two pictures, a multi- 
plication chart, and an addition chart. As a group they fol- - 
low the instructions on Worksheet 35 . They wflT discover 
that each card has the common prot)erty of bilateral symmetry. 

On the addition chart, squares that correspond because of 
symmetry also contain the same entry. For example, the 
square containing the entry for 2 + I corresponds to the 
""x square containing the entry for I +2. Both of these squares • 

contain the number 3. This observation relates the commu- 
tative property of addition (and multiplication) to symmetry / 
of the addition (and multiplication) table. This observation 
is not made^xplicit for the students. - , " " 




•orlt«tw«( 34 

Ititt 27 



Out out thtie four cardf on the dolled llne». 




1 — 
i + 


, , ^--^ 

0 1 2,34 
\ 1 ' 


i 0 


0 ; 1 2 3 4 


; 1 


1 2*3 4 5! 

\ . 'r^^ 1 


I 2 


2 3 : 4 5 ' 6 1 




— ♦ J— H 

3,4 5 6 7 

^ 4.-^f.-,-* ^"--^ 

4 ' 9 ' 6 1 7 II 

L.. i ., .i -i i 





„ — ^ 
0 


p— — — --y^— 

t 2 3 4 
N--- ! \ « 


\ 0 


0 


0 0 0 0 i 

1 i. —I 


1 


0 1.2 3 4 j 


2 


0 2 4 6 8! 


3 
4 


0 ! 3 6 ; • 12 i 

i_ -4- — .... . ■ j 

0 , 4 8 12 16 : 

. , i , i ^ i 



lorl(!iheel 35 
Unll 27 



© 
® 

0 
® 

® 
® 



The four cards lhai you cui oul all have one 
properly In coaiiion. Do you know «hal II Is? , 
ir you don 'I krfow, read on.* 

Draw a «lralf(hl line lhal paaaea Ihrouxh polnia 
and B on each card. 

Fold each card alone Ihe line you drew. Wbal 
do you nollce ajyoul all four carda? 



Hold each folded card up lo « lUhl. 
you see? , 



Wh«l do 



Take Ihe folded hullerfTy. Pick one potnl on 
a wlnic. Wlih your pencil, poke a small hole 
Ihroufh bolh paria of J he folded bulterfly. 
Unfold Ihe bulltr^ly. Whal do you nollce?., 

Chooae « polnl on Ihe folded face and on Ihe 
folded charla. Poke.holea Ihrnu^h bolh folds. 
Unfold Ihe carda« Wh«| do you nollce? 

lYteae four cards all have « line of sysmelr^f. 

Wlial properly do Ihe four cards have In cosMon? 
Mini: II Is a lype of syRweiry. 
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Worksheet 36 provides ^instructions for Worksheet 37 , which 
is a multiplication chart vvith the products afrange^ along a 
line of bilaterd'rsymmefry. 



The children f irtd the product entries for 3 • 7 -and 7^3, and 
Tlraw a line that passes throug+i these product entries (and 
through points A and B) . The students measiire the four an- 
gle s formed by line AB which inters'ects the'line of bilateral^' 
symmetry (line MN),^ Each angle has a mag of 3 o'clock (90 ) 
The children are ask«d to draw other lines that intersect line 
MN*. Each of the angles formed by' these l^ies also has a 
mag of 3 o'clock, , 




(Activity B includes some op- 
tional commentary about bi- 
lateral symmetry. For more 
information about symmetry, 
see Minnemast Unit 14, Exj 
ploring Symmetrical Patterns.) 



This is the clock protractor 
that the children use on the. 
worksheets In this 4esson.. 
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WorkthMt 16 

Intt 27 



Tear <wt''»«irk»heet 71. 

3 . .7 and 7'. 3 ^3 ^ 

Fin# the t<rUar«s <hi the cher! that aho* the 

product of 3-7 and 7 • 3. • 



4^ Point A !• In the box •nh th^ product entry .JLL 
I»oint B l« in the box •ith ft»e product en try 

% Drae a'^altht'llne that pa««ea throuih polnta 
A and B. • te a niler. 

6 M the line of »ywtry. HN Interaecte AB 
Four ancles are fonae^. 

7 Htajkurr eavh angle •Ith vogr clock protractor. 
TYie iMK of each an«le eq-jala^ o'clock. 

H circle the product* for tKeae pairs of factors. 



J iind 3-6 
5 and 9-4 
5 and 5 • 3 



Ora* lliw^ to connect, each paJr of products. 
Your line* should intersect Measure the 

jin«le«i «lth >oar clock protractor. What Is the 
<mc af each «nale:.2 o'clock. 



VIorkaheet 37 Naae. 

Unit 27 



j^iltlpllcatlon Cttart 




i«< |g the line of aymwtry 



Vorksbfet 30 

itiHf 27 



rut out this chart on. the dotted lines. 
Turn to the next worksheet. 




0 24 A 40 , ^ 



Workaheet 39 
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1. Docs the chart on Workaheet 2m have a line of 
bilateral ayawetry? YSS Qi^ 



2. Teat your anawer. Cut out tha chart. 

Fold aloniK line AB and teat for bllaieral ^ 
syiaaietry. 



Circle the two product entrlea for 
4 3 and 3 • 4. ■ 

Draw a line secnent connect inic theae product^. 
Uae your clock protractor to meaaure the aniclea. 



4. The aultlpllcatlon chart on W*rkaheet 37 waa 
bilaterally aSwetrlc. 

I^e chart on Wdrkahect 3t la not bllatel'ally 
•ytMtrlc. ^ 
What Ml«a thMi differ^t? 
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Worksheets 38 and 39 involve work with a multiplication 
chart with factors that are. not in numerical order. Also, ^the 
factors along the top are not the same as those along ftie side 
of the chart. Therefore, the products of the chart do not pos- 
ses-s^bi lateral symmetry. The children cut out the chart on 
\Vo/ksheet 38 and then follow the instructions on Worksheet ^ 
39. 



Activity B (Optional Comm^entary) 

This ^commentary is provided for your "use in understanding 
bila^teral symmetry (symmetry about a line or plane). , 

Considei^ the letter A irt Figure 1 . Any line drawn perpendicuj 
lar to the dotted line in the figure cuts the pattern into palr3 of 





Fiqure i 



points that are equidistant from the dotted line. For example, 
the points a and b in Figure 2 (on the next page) are. at equal 
distances from the dotted line. 
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The letter A is said to exhibit symmetry about a^line, or bilat- 
eral symmetry. The dotted line is called the line of symmetry 
or the axis of symmetry. 

Any pattern through which a line can be drawn such that every 
line perpendicular to this line cuts the pattern into pairs of 
points equidistant from the line is said to^xhibit symmetry 
about a line or bilateral symmetry. 

A simpler but tess exact statement of this idea is that for 
every point on one side of the line of symmetry there is a 
corresponding point on the other side. The paired points must 
be at equal distances fi;om the line of symmetry. Figure 3 (on 
the last page of this lesson) shows some bilaterally symmetric 
patterns that occur in nature. There are tests one can use to 
determine whether or not a pattern possesses bilateral sym- 
metry. "Two of these tests are described below, 

. If a mirror is placed in a vertical position along the dotted 
line in Figure 1 , the pattern viewed (half of A and its image 
in the mirror) coincides precisely with the original letter A. 
The mirror test consists of holding a mirror on the axH of 
symmetry to show that the pattern can divided into two 
parts identical in size, one part being the mirror image of 
the other. In any bilaterally symmetric pattern, one half 
of the pattern is the mirror image of the other half. This is 

50 



the reason that bilateral symmetry is also referred to as 
mirror symmetry. It is interesting to test some non-sym- 
metric patterns with a mirror. " 

Bilaterally symmetric patterns may^also be folded along the 
axis of symmetry to test for the coincidence of the two 
halves of the pattern. This gives another lest, the folding 
test, for bilateral symmetry. 

There are some differences in examining the symmetry of 
patterns on plane surfaces and of three-dimensional ob- 
jects. Corresponding to the line of symmetry of ^lane pat- 
terns, bilaterally symmetric three-dimensional objects have 
a plane of symmetry. Every line perpendicular to this plane 
cuts the figure into pairs of corresponding points that are at 
equal distances from the plane. Obviously, a solid object 
cannot be folded to test for bilateral symmetry. Howevejr^, a 
mirror can be placed along the plane of symmetry to show^he 
existence of bilateral symmetry. The human face is an inter- 
esting object that has approximate symmetry with respect to 
a plane. Other objects that might be tested are a cone, a 
beetle, and toy figures of people or animals. 

A picture of a three-dimensional object is, of course, a 
two-dimensional pattern. Thus the symmetry of a picture 
of a three-dimensional object may be tested by either the 
mirror or folding test. 



Lesson 7: MULTIPLYING BY 5 AND 9 



The worksheets in the lesson provide practice with the multi- 
plication facts. The children learn some properties of multi- 
plication by 5 and 9, 

MATERIALS 

- Worksjieets 40-47 (independent) 

- Worksheets 48-50 (fast workers) 

PROCEDURE 

The children complete Worksheets 40 through 47 independently. 
Fast workers can do Worksheets 48, 49 and 50. 



Hire t« mnotfmt —t •€ wrIulMU. 
ev»ry«M 4o— WmrMm9f 40-41. 




Fatt mrh$f can Vorka^tt 4ft-9D. 



Worksheets 40 and 41 provide a review of most of the basic 
multiplication facts. If the children have trouble with any 
of the problems, suggest that they use arrays, repeated addi- 
i«on,.a multiplication machine from Unit 25, or the multipli- 
ca ion charts on earlier worksheets in this unit. 

On Worksheet 42 the children fill in a row and column on a 
multiplication chart with 9 as a factor. When 9 is a factor^ 
the sum of the digits in ,the product must total 9. There is 
one exception to this rule. When one factor is 9 and the 
other factor is 0, the product is 0 and the digit does not total 
9, 

On V/orksheets 43 and 44 the children discover that when 
one factor is 5 and the other factor is another whole number, 
the product always ends in either 0 or 5. V/orksheet 44 
also includes some review of the rule that ^rhen one factor 
is 9, the sum of the digits in the proc^jct equals 9 (unless 
the other factor is 0) . 

Worksheets 45 and 46 involve word problems and number 
lines that serve as models for multiplication. 

Worksheets 48, 49 and 50 are for fast 
workers . 

, Worksheets 48 and 49 involve word 
problems that reinforce the similarity 
between multiplication and repeated 
addition. 

On Worksheet 50 the children fill in 
products on a chart for problems with 
0 as a factor. They work multiplication 
probler.^s involving 0 as a faictor. - 
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Flit in the •l«»l<ur nun^r* in mcIi mhCmc*. 
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Pill In tlw slMliic n^tn. 



! 



M 



53 



^1 



•-1 



■^1 



SI 



•orkflhc«t 42 
Lnit 77 



Finish Miltlplvlnc the factor* fn row 9 and 

cotiii«> 9 In thU MiU ipU cat chart . 

ij" Nov fill fn (lliao* ^lajiHa. Add the dUlta. 
I0illal3l4l9l«l7l»jf 1 



4J 



1 

11 



0 
9 

a ♦ 7 = 9 

3:oL .1. 



«ll »7 4i 



* ^ t 7 r 
^ ^ <\ n ^ 



0 9 9 4| A 

T Fill in thr<*^ HUnkd A«M the dljtll^- 



Vorkahaot 42 fc«ntln«e4l 

(a\ Vhan or* factor In • nltltllcatlon prakloa 
otMt 4o yon notico abaot tlia dlglta Ir tlia | 

4uit7 



la 9. 



bMpla: S < 9 = 48 

9 < 3 27 



4 ♦ S 

2*7 « ^ 



9|ion ona factor In a witltilcatlon prokloa li •« 
tha aoB of tho dlflta In tlia proi a ct 04«ala 9. 

(%) Can yotf find a salt Ipllcot Ion pro^loai tliat koa • 
aa a factor, bot tho a« of tKi dlflta In tlia 
product 4ooa not ofMl 97 Writo tlia probloa ton: 

Did yoM try *lila7 0 < 9 » ^ 
What la tho wm of iha duita In tlia 
prod«ct7_J^_11iaf« Ir no %m hacawaa 
, tharo la only ona diflt. 

9lian ona factor la 9 and tM oihar factor 
la a noabor otiiar than 0, tha product la 9 
or tho aip of tha difflta of tha product 



0 
® 



or tho wm of 
•fMla.J9^ . 

Odoa 7 * 9 s C27 TB ^7 4 ♦ 2 

9-4«3S7 rm qS 3^S«. 



DM* ' 



DM* • • • ■< Ta? ^ NO ? ♦ ft » <y 
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I ♦ 1 I 1 a 1 J 1 ^ i 
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I 
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5 • O =i 5 
I - 5 ^ZL 3 



5 ■ $ =14 



I 



5 3 =IZ 5 X- 



7 - 5 
5 ■ 7 



fhtn out r«itor U S and the oUicr factor 1« a.«tM>le 
the product aliwys cnda in^ — Q. — or_.2 — . 



ikirhfehect 44 




Naae ._ 
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Are thrftf seciterce^ true or fa!iM>? 




7 5 - 34 . 
9 9 46 


True 
True 




fHint: does tlic 
product end In 0 

or 57 1 






5-0-2 


True 










6 « 5 - » 


True 










9-5-45 




FaUe 








5 • 7 35 




False 








Cau t ion : 
0-5^5 


True 










.9 • 9 = 81 
1-9^1 


True 


False 


(Hint: do tte dliilts 
In the product odd uy 
to 971 






3 - 9 26 


True 










Caul Ion: 












0-9-0 


False 


(Hint: rciwbcr xht 
e^c«<ktion to the nile.l 













Vorhstieet 49 

liiit 27 



<H h 

\-rp» ' v»-i^ . 0 2 



3 4 5 

-\ \ h 



T*2 



|>ery net of twins 
In 5 s<t«i of^ twinff, 
there sre 5 - 2 or. 



ha* J^^— •e«**rii . 

10 



eisbers . 



0 



£very set of triplets has 
In 4 flet» of triple 
there are 4 ■ 3 or 



I 2 3 

1_ 



9 12 15 

-1 1 



In 4 flet» of triplets. 



0 



1 



E^ery quartet ha^ « 
In 3 quartet, 
iher* wre I 4 or 



0 4 



8 12 
. «ei«hcr4 



16 30 24 
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Worksheet 46 
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.>M<. 0 5 

<H 1- 



Nasi 



10 



15 ao 

-K h 



29 
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Every nickel Is worth 
Itiree nickels are worth 
J " 5 or J.5L cents. 



Svmb*- w^^k« 0 12 3 

<H 1 1— M- 

S»iRb»r M * 0 7 14 21 



Every week contains 7 days, 
indeeeks. 

there are 4 ' or 
In 2 weeks, ^ 



days. 



there are , 



7 or 



/Y 



.day*. 



In6»eckt,. n 

Ihe-e «r« <^ ■ ' or H ^ iatt. 
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Va«ie , 



•«irk*hefl 47 
l u Z7 



If lit itt !hr r«p(\ ^qmtrrs 

IJWTOKS 

\ 0 I 2 3 4 5 6 7i«'9 



7 
9 
S 
9 

^ 0 

I 
i 
4 

6 



01 auj 

. n □ 



6 


9 3 




4 ! 7 1 » 1 


---^'^ 




4 


, i ^ i 1 




* ^ — 


5 
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5i« l^fy^^ 



Fa* I ««rlwr« 
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I. A nickel If »orlh 5 cenU. 

Six n!ck«!» mrt wth 5*5*9»5*5*5 

or 

When I add 0lx 5'0, I cct « > 5 orj^Z_c«Mt«. 

3" .iL .JL. 



2» Three nlckeU are «orth 

/y r#nf ■ 

When I add three 5'Ji, I eel 3 
cenia. 



3, Sei'en nlckela are worlli. 



J ♦ ♦J ♦ or. .cent*. 

When I add seven 1 icl 7 or 

cem». 



Faal torkers 



Wurkuheet 49 

tJnn 27 



Same . 



^3' 



When * add nine 1 tet 9 - ^ 
NInt nickels arc worth 5*5*5 * >5* ^ 

-iL. ♦ „^.. ♦ I?' *j^^oT cents. 



When I add three 6 s, I set 6 • 6 ♦ 6 or 3 - 6. 



When I add four 7'«, I cet 
J2_or 4 7 
<.When I add five 9's, I let 
♦ ^ or 5 • J3 — 
When I add X 4'*, I cet . 
When I add N 3*fl, I set. 



A- ^ 



I earn $2 qb per dav 
In 7 dsys, I earn 2 

A * ^ np , - 2 or $!4 00 



Fast Workers 
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Finish thi chart and answer the questions. 
0 1 2 3 4 5 6 I 7 



0 • any mii^ier 
any nuater • 0 



I - I 
2=2 
3=3 

JL^ 4 
0=0 
0=0 

23 * 23 



0 - 



wATcii out: 



674,2aD • 0 = 



= 5L 



63 ■ 0 ' 



4 

a ^ 

0 



o O O 0 

o 
o 

o 

jO_ 
0 

0_ 

0 



Section 2 



Multiplication 
with Arrays 



•:«•.•: 
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MULTIPLICATION WITH At^RAYS 



PURPOSE 



In this section the students: 

- Get further practice with addition, subtraction and 
multiplication problems. 

« 

- Learn to represent rectangular arrays as rectangles 
without the internal divisions. 

- Partition a l^rge rectangular array into smaller arrays 
and find the total number of elements in the'original 
array by bidding the number of elements in each smaller 
array , 

COMMENTARY 

In the lessons in this section the students will again be 
'working alone or with partners on independent worksheets 
with a minimum of help from you. The worksheets have 
been divided to approximate one day's work per lessoh. 
You may have io adjust this schedule according to the 
children's abilities. 

Lesson B provides practice with multiplication facts using 
a circular multiplication slide rule. The commutative 
property of multiplication is reviewed with arrays and with 
multiplication problems. 




( 



4 




In Lesson N the\^students agaiii 
partition rectangular arrays. 
This time they pajrtition a large 
array into more t\\an two smaller 
aijays. They fin4 the total 
nurnber of elements in the orig- 
inal array By adding the num- 
]?er of elements in each smaller ^ 
array. 




In Lesson 12 the students multiply with inorc than tw© factors. 
Multiplication is a binary operation, aj:d the students learn ^ 
to nviltiply f::o factors at a time v/hen ^jiven a problem in- . 
'/(Avif>qJ:i\oTo two faqtors. The vvorr; sheets also provide * 
r\-:porionco v^-ithrmiltip lying multiples of 10 and,|0^. 
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Lesson 8: MULTIPLICATION PRACTICE 

Independent W9rksheets review the commutative property of 
^ . multiplication^in the context of arrays. The children con- 
struct a circular multif^lication slide rule and work some prob- 
lems with it. 



MATERIALS 

- scissors' for each child 



small brass fastener for each child 



- Worksheet 5 I (class) 



Worksheets, 52-54 (independent) 
Worksheet 55 (fast workers) 



PROCEDURE 



On (h« next 9Ct of >»ork4h«et4, «11 AtM^ntd 
>*in dn »ork«b€et 51 « i U<«» , You i^U 
n««d A p«lr of scU^ors and a bra9« faftener. 




Activity A 

Have the children tear out 
Worksheet 5 1 and cut out 
the circular slide rule from 
it. A full-size copy of this 
worksheet is on the next 
page After cutting out the 
two circles, each child 
assembles the slide rule by 
placing the smaller circle 
on top of the larger one and 
poking a small brass fastener 
through the centers. Tell v 
the children to be sure the 
cepter/of one circle lines , 
up with.thd other before 
inserting the brass fastener; ^ 
Also tell them nOt to poke 
too large a hole with the 
brass fastener. If the hole 
is too large the number 
scales on the two circles 
won't line up properly. 



ERIC 



Here is how to use the slide rule to multiply. To multiply 
8-9, find 8 on the ou^-^ide number^ of the large, circle. Turn 
the small circle until the arrow on it (by 10 and I) points to 
the 8 on the large circle. Now find the 9 on the small circle. 
Follow it to the numbers on the large circle. tHc "9 points to 
the i^^oduct, 72, on the large circle. 

A. Find 8 on the large circle. / 

/ ' 

B. Turn the small circle until the arrow ( A ) points at the 8. 

C. Find 9 on the small circle. / 

D. Find the product, 72, on the large circle. 

A 




Have tha children work a few multiplicaticm problems while 
you check to see if they are using the slide rule properly. 
On most problems, the product will be the small number on' 
the large circle. But with some problems, such as 2 • 3, the 
product is 6 and not 60. Single-digit products are read from 
the large numbers on the large circle. Give the children a 
problem where the product is a single --digit. Tell them that 
when their slide rule points to two numbers on the large , 
circle (such as 2 and 20, 3 and 30, 4 and 40, etc.), they 
must think about that problem to decide which number is the 
product. 

Using this slide rule the children can multiply the basic raul-' 
tiolication facts and several combinations of I through 9 (on 
the large circle) times I through 20 (on the small circle). If 
the children try to multiply 9-20, the slide rule* will point to 
'8 on the large circle. The product is I80. » 

Activity B 

Have the cliildren complete Worksheets 57 through 54 inde- 
pondontly or with partners. Worksheet 55 is for fast workers. 
• 

On Worksheet 52 the students use their slide rule to find the 
product.^ of multiplication problems. (Have the children-save the 
. \vh' to use whenever they need help with multiplication.) 



# J. 
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Worksheet 5 3 reviews the commutative property of multipU- 
cation in the context of arrays. . The cdiildren do not use 
their slide rules for this, worksheet, 

V(orksheet 54 also reviews coinmutativity in muttiplication 
problems. The stiidents work prc^lems such as 4 * 7 7 * 4 
"arid AA * BC - * AA. The chiMrai do not use their slide 
rules for this worksheet. 

Worksheet 5S is for fast workers. It involves multiplication 
I»roblems using the slide rule. One factor in eadi problem 
is a ,2-di9it number* Thare ve tw^ bonus {Hroblems: 6 * 20 
and 9-20. Using tiiie slide rule,^ ^e children will locate 
12 and IB as the products. The products « of ^>urse, ve 
1 20 and 180. Pertiaps some chikirm will realize that $ * 20 
could not equal 1 2 ^d|L; 20 couk^ not equal 18. If they 
ask you about tiiis, telH^em they ore conrect — the products 
are not 12 and t8« Lead them to f^iffe out the correct fxo- 
ducts. 




UM )fmn 9ll4t mU t* fM Hw m*icu. 
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Lesson 9: PAftTITIOmNG ARRAYS HITO tW O SMALLER ARRAYS 

The chilcfren use the terms: addend^ sum, factor and products 
They'represmit rectangular airays in a form without internal 

divisions: . ^ 



The students partition rectangular airays into two smaller 
rectangulaf arrays: ' 2 2 



MATERIALS 



/J 



- Worksheets 56 and 57 (class discussion) 

— W<H*ksheets 50-61 (independent 

PROCEDURE 



The children complete Wc^ksheets S6 and 57 during the class 
discussion in Activity A. In Activity B, the students do 
Worksheets 58 'through 61 inetei>endently or with partnera« 



Activity A 




Write a pair of factors such as 3,5 on tte. ' 
chalkboard and ask a student to draw a rec- 
tangular array to represent that pair of fac- 
tors. He shouldTdraw one of the following: 



Label the anray and have another -student write 
the correct multiplication sentence near it. 

^ 5 i 



• 3 • 5 « 15 

» 

Leave this on the board. 



5 • 3 « 15 ' 
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Suggest tx> the children that they a>uld save Unm^ in^drawing 
arrays hy using empty rectangles that have been properly 
labeled to represent the arrays « Put some examples like the 
following on the board « 



could be i. 

represented | | \ 



or I 



□ 



could be 
represented 2 



/ 



or 
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Refer back to the original array and ask how 
it would be recfrawn as one large rectangle, 
labels to represent a reptangular array « Hav€ 
a child' redraw it » -label the parts, and ^te. 
.a multiplication sentence to describe it« 



Give the children a 
few mintues to com- 
plete Worksheets -56 
and 57 ^ • Discuss, the 
worksheets as a group 
when everyone has 
completed them. 
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Mrw and Ub*l (hu array. 

•rtt« the wttt^llcation ««ntcnc« ln«t4e tte rvctanclc. 



^ llHlrav an4 l«h«l thta array. 



|la4fra« and tatwt tht« array 
trtt# 11* «ultiptirattnfi «erit«fK^ 



i*4 =/S 



7? 



<> 
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Om rMtantlM r*r •rr«y« t» iw—wt tUt 
■iltl»llc«tl«N fraHlMi. Utol taclk array «ii 
«ril« MltlpilcatiM amtvnc*. 
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a = 
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a 




I'- 


= 7 
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4 * a 
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s • s 


= 7 
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Activity B 



Have the childreiv complete Worksheet 58 as a review of 
addends, sums, factors and products, before they begin 
this activity. 

Draw and label this array on the chalkboar?!. Then a^k. 
the children if they can partition the ai|^y into two " ' 
smaller rectangular arrays." ' 



'^ys. 



By^'partition, we mean to "break it down" into smaller 
You do not need to^give thp children any Special definition 
of "partition. " They should Be able Jo pick up the meaning 
by the way you jise it in sentences. 



Let the children suggest ways to partition the array, and 
then have a student dfaw his solution on the chalkboard • He 
should label the parts of the &rray and write the correct mul- 
tiplication sentences. 

This is dne example of how the array could be partitioned. 




HaVe the students *Hurn to Worksheet S9 and give them five 
Tninutes to.dra>v partitions of the 3 x 5 array into two smaller 
rectangular arrays.' They should draw all the possible par- 
titions they can think of. You may vvjantrta have th3m work 
with- partners. . 

When the childrea are finished, let individual children come 
to the chalkboard and write their solutions. If some children 



did not find all the possible solutions, have them copy 
those^from the- chalkboard onto their worksheets. 





Ask the students ^.to detormrne the total number of elements 
in oach partitioned solution of the original 3x5 array. One 
v;ay to find the total number of elements is to add the -products 
of ihd n-ultiplicatior* sentences represented by the two smaller 



3 




<r 

3 


4 


1 


3 • 3 

- 9 


3 • 2 

- 6 


.3 • 4 

= 12 


3 • 1 

= 3 


9 * 0 


15- 


• 


12^3 = 


15 



i^y^ r:tt; h-^r.tp :ihoi:Id notice that even when the original 
imy vv:io pi.rtitionc^J into several different variations of 
tv;o 5n:aIIer arrays, the total number of elements in the 
irrnv, IS, rernains the same. 

"^VL the <students work with partners to complete Worksheets 
inr! 1 . They should partition these arrays using the pro- 
r-o.iMp^ dovoiope i m this activity. On Worksheet 61 the chil- 
jr'-n ^Iso fin^i the totil nun.f^er of elcmeYits in ofiich solution. 
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Ort» all «l» iWfBtW* ytrtltiw^for tiiu array: 
9 

1 > 

3 



3 • 9 « 19 



trtU • •lit 1^ teal !•« •rray.. 

. . £ 



5^- /r 



iS-S' 



3 a 



3^ 



/ 



Unit 



trita ^illlpllcat Ion »«nt«nv»f In the boxen of «acl» 
i^ray \* 









1-1-4 







2-4 HZ 



I - 1 ■ » 



2.- 5' 10 



■2*Z. 



rv 



•arlcatitat 4t I 

rartlt^lon.thln ^ray Into 
aaallar arraya. ^ 

Draw aa mny aolutlona 'aa 

jrou can- * 

«rlte Multiplication 
aantoncaa. 



3 1 



r 







H 


^ 


V 




y v 


. 4 y-/ 



NM^rini tut tltal fMi»»,r •fVlMMita In aMli 
dolution. Hint: /iJd tht tr«4iKn.of both 
flttltlpllcatlwi a«nt«»c«a in t«€h aoliitlon. 



'..Word problen^ cards are. used in this lesson to provide practice 
, with multiplication, addition and subtraction. The numbers in 
the problems have been omitted so the prc^lems can be varied 
to suit the needs of 'different children. The game should be 
introduced in this lesson, and'then played whenever the chll-y' 
dren have free time, y 

% 




WATERlAI^ 

- Worksheets 62-68 

dice numbexed 0-5 and 
0 * *4-9'or spinner and discs 

^ scissQrs '/paper and pencils 
PROCED"URE 

♦ 

The arithmetic word problerA 
cards are' on Worksheets 62 
through 67 , Each deck con- 
sists of 36 word problems in- 
volving multij^lication/ addition, 
. and subtraction. Have the 'Children tear out the worksheets 
and cut up the 'cards. Worksheet 1 8 is a page of blank cards 
for*^^ich child to make up his own problems later, after the 
child\enxhave played the game ^a few times.' Each child may 
wish ri^^t his initials on his'cards and store them in an 
em:elope when not in use. 

The children can generaternumbers for the word piroblems 
several different ways. Here are* some suggestions. 

.1 .->Eabh child pre^ar«s* about twenty slips of paper by marking 
' e.ach with a\umeral from I to 10. (Later, larger nOm- 

bers can be used.) These are placed in a boj?. Then the 
numbers for a particular problem are selected by drawing 
two of the i lips . • 



2. Make ^Ip lis.ts of numeral pairs. This way you can control 
tho combinations and provide numerals appiopriate to the 



skills 'of different- pairs of children. The numbers for a ^ 
problem are taken in sequence from one of these lists. 

3. Use the game pinners and mark them with appropriate 

■ numbers. Each child in a pair spins oncp.to obtain thev 
two numerals for a problem. 

4. Throw a pair of dice to obtain the numerals. ' 'Jw 

5. Let the children choose their own numbers. 

To introduce the game, have the children work with partners .\ ^ 
Each pair uses one deck V .cards One student shuffles the ^ * 
€ards and -puts the deck face down in fifont of them. The other 
student turns pver the top card. Then both students read the 
prcblem and decide If it is a multiplication,. addition, or sub- 
traction problem. Then one student generates -two numbers ^ 
in one of the ways suggested above. <rf a card. involves a 
subtraction problem, they must us^e the numbers^in d pertain 
order. On miMtiplication and addition .problems , they should 
use the numbers In the order generated.) Using the numbers 
they generated, each student in the pair writes the appropriate 
arithmetic sentence. They compare their answers. Therrthe 
irtudents turn over^the next card and follow the same procedure, 
!{ave each pair go through tho whole deck in thi3 manner. On 
the n^xt page arc" three examples of what the children should 



card: 



I ftjed the cat next door when his family 

IS away. The cat ea'ts ^ . i:.. : 

food a day. If th3 family is gone ^ 

days, I will have to give him cans 

of food . . ' 




I boug^ pounds of sjugar and 

of flouf at tne store. 

I couiti hardly carry it home because 
altogethor it weighed oj^nds. 



numbers generated and 
sentence for each problem: 



3 and 7 
3'- 7=21 



5 and 9 
5 + 9 - 14 



rc s*'.^-. Th^^ it*?_ of tho.r, 

£^ no'.v 'h^>r 'niv, left. Wy 

T.othor -A'^.r.t? tc ^vt rid of that C'^t. 



'4 md 8 
R - 4 ^ 4 



71 



63 



\ 

\ 

When the children understand the \iAprd problems and how to 
write an iritftmetic sentence from a problem, have them play 
some of the following .variation^ of the gam^ . The children 
can 3l\^o make up some of their own fifoblems on Worksheet 68, 
They should make two problems each involving multiplication, 
addition and subtraction. 

\ 

5 nations - j '\ 

I . The children can play with partners, \aking turns drawing 
a card, generating Ahe numbers, writii^g the arithmetic 
sentence, and solving the problem. Tljie child who gets 
the most correct, wins the game. \ 

J, .Mr/efil children can play. One child at a time draws a 
card, generates numbers. Writes the sentence and solves 
that problem. The child who gets the most correct, wins 

the game. 

3, P artnors or several children can play with the rule that 
thoy cannot write down the sentence, but must do the 

^ computing in their hr^ads. 

4, S'v oral children can play only with those cards each child 
r. Kje up himself. 

3, The childr^^n can play ^ny of tho above variations using 
larger numbc^ . 

Tho children shouH thin?; > ' of their own variationSr^ 
md -'^xpl iin these to othc: mombor^ of the class. 
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Lesson I I: PARTI7I0XING ARRAYS INTO.SE\^RAL SMALLER ARRAYS 

During a class discussion the students partition a rectang^ilar 
acriy into iS many smaller rectangular arrays as possible and 
then \mte a multiprhcation sentence for^each smaller'array* 
They find the total number of elements in^ the original array by 
adding the number of elements in each smalter array. 



MATERIALS 



Worksheet 69 (class discussion) 



PROCEI^URE 



Draw this rectangttl^r array on the chalkboard, making it large 
enough for ail the students to see. 




Tnen say: 



P.\RTITION' THIS RECTANGULAR ARRAY INTO MORE THAN ONE 
SMALLER RECTANd^LAR ARRAY. LABEL EACH SMALLER ARRAY^ 
^ WITH A MULTIPLJOTION SENTENCE. - 

L* t tne students propose as many solutions as-they can think 
of. Thoy will probably suggest solutions that involve parti- 
tionung it into two smaller arrays. If n^ one remembers^ that 
you said "more thaji one smaller rectangular array," repeat 
the quo.^tLon. Lead the children to realize that "more than 
one" doec not limit them to only two. ' Ask several volunteers 
ir) como to tho hoards and draw their solutions. Each child 
rhould rcdrav/ the drigina^L^rray and partition it with his ^ 
. olution. He should also write a multiplication sentence in 
^•ivb nnllor irray. Some solutions are. shown on the next 




3 ' 



2-3 = 6 



•3=3 



2 • I 
= 2 



I • I 
■■«= I 



1 

4 ' • 


• 


1 


3- 


•4 = 4' 




1 • 1 








1-3=3 


« < 










2 


2 • 1 


2-3 = 6 






,= 2 





2 


I' 


1, 


1-2=2 


1 - t 


.1 • 1 

= 1 


2-2 = 4* 


2 - 1 


2 • 1 




= 2 


= 2' 


0 

2 


2 



1-2=2 
• 



I -.2 = 2 



1-2=2 



1-2=2 



1-2=2 



1-2=2 



After each solution has been drawn and labeled, ask other \ 
volunteers to find the total number of elements in each original 
array by adding the number of elements in each smaller array. 



I I 



2 - 3 - t) • 


2 • 1 


^ • 3 - 3 . 

- t 


. f 
I ' ' 



6 
2 
3 

Ti" 



1-2 = 2 


1 • 1 

- 1 


1 • 1 

= 1 


2-2 = 4 


? • 1 
= '2 


2 - 1 
= 2 



2 . 

I 

I 

4 

T 

_2. 
•12 
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When the students have discussed all the solutions they have 
found to the array proWem on the board, have them pair off 
and turn to Worksheet 69. 



Each pair draws a rectangular array • Then they draw as many 
partitions as they can for that array* They^label each part and 
write a multiplication sentence in each smaller array. They 
jdd the elements of e^iich smaller array to find the total number 
of elements in the original array. 

'Give the children 10 or VS minutes to do this and then disouss 
their work. Some studehts may "want to draw the original array 
and a couple of solutions to it on the chalkboard. The students 
should realize that the total number of elements in each solution 
is theWamV because the original array for each ^solution is the 
3 ime, ,4 



\ 



so 
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Alt •Iu4»iii» will <!• ihu MiiMihrei i««rilirr. 



tjh t^oont* Ji purlner. *1fou y«i«r pirtner <r«» 

« reClaMitUr «rray. Y«u r*ch draw IN* uwm «rr«y. 

> 

Draw )rt>«r« at tlir boitoa of thU pane. Yotir - 

pariiwr draw hU ai thr ImiIImi of hU workaherl. 

♦ 

4ftrr you dra* ihr ^rra^, turn l<> ihr next |nicc. 



^ *Ir't« .1%, •Mn> jwrf I f 4»» v*ni kai\ f<»r llw 
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1 2: N^ULTIP LYING WITH MORU-THAN WO FACTORS 



" OS son 12: 

StilSonts multiply more than two factors to illustrate the 
asToclative property of multiplication. The independerit 
\vorksheets provide practice with the multiplication facts 
and also with multiplying multiples of 10, 100, etc. by 
single-digit numbers. 

* * * " •■ 

MATERIALS _ - 

- Worksheets 70- 75 Undepdndent) 
PROCEDURE 

navi> the students corr.plete Worksheets 70 through 75 
indopend:>ntly or with partners. 

^Multiplication is a binary operation. This means that only 
- two r.embers of a multiplication sentence can be multiplied 
at any one time. In this problem, 3 • 2 - 4, you multiply 
3 • '2 .{equals 6) , and then multiply 6 • 4 to get the product 
of the three factors, 24. What happens if you first multiply 
2-4':* You qet 8, and then multiply 3 • 8 to get the prpduct 
of the three factors, 24. In both cases, the order of the 
factors remained. In one case, the factor 2 was used in a 
i.mary operation vath 3 . ' In the other case the 2 was ^ed 
v;ith thc^ 4. This difference i^ il^JStraited with the following 
sentences. 



(3 • 2) • 4 = 24 



•3.- (2.- 4) = 24 



rhis prbp^'rtv• of multiplication is known as the associ^ive 
propcTt:vt: (a • b) : c = a • (b"i c) . Thfl associative property 
utit' Ti th'it if YQu regroup or roassociate the numbers in a 
n;ultiplication sentence, you jstill get the same product. 

On V.orkshoc-t 70 the sturJents are introduced to the use. of 
pa.-enth' Gcs in a n-.'jitipli'cation sentence. They are told lo 
rr.ultiply the part of the sentence in parentheses first.* 
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4lJ»ir or •»fb jwfttirr 




Kurk%hr«*t TO 
I flit 27 



(D 



Lu<»k at this nentrtwe' 



13.- 11 - 12 



do that pAft of tlw ••ntrnrc first. ^ 
/ESki »i thl« ««titefic#< } • (4 • 21 ^ 



(3) 014 ywu •rilr 4 and 27 TImmc are tlie n uabtra 
ytni Miltlply first in this sentence: 

3 • 14 • 21 - a4« 

(4) tlilih tHMters tfe yoe Mitlfiljr first In ^tiese 
•entemes? Vrtte tlie nualwrs in ttie lilMks 



13 • SI ^ 30 I first «iltlply.^.tlars.^. 
• 31 < 4 =-12 I first «iltlplyJ^tl«»sJl2.. 



@ Vrlte ttie prmhict of 

(6 • 2} • 3 = 36 
S - (2 - 31 30 



I 'of e^h sentence: 

JAls the predict of 
^ the ^re4iict of iZ'3i 



(7) In miHher 4 abeve, the snewers are: 3 tlMM^S 
an4 t t lees 3« t 

In mMber S, the ane«ers sre: 12 Is the product 
of t% • 21 and ft Is the product of 12 • 31 



On Worksheet 71 the students study the associative property 
of multiplication by replacing ( * ) in a multiplication 

sento^nc"o with a s,ingle number. 

• 

On Worksheet'^ 2 the students multiply (a • b) and a • (b*- c). 
The values of a , b and c are given. Students who* havfe diffi- 
culty may want to assign numerals to the a • b • c parts of each 
sentence.* ^ " • - 



On. Worksheet 73 the students take a factor, such as 20, and 
rename it as a pair of factors, 2 • 10.^ Then a pair, of factors, * 
yvch as 3 ; 20', becomes 3^ (2 • IO).\The studStntswatsoVork ^ 
problem.s suclj as 3^^ 2 ^ G<ihd :\,-*20 =^60 without renaming 
the 20 as.C2/ 10). 



Work sheet 74 gives more practice with t,he associative pro'p-. 
erty by rej^lacifig the ( ' • ) part of a sentence witli a single , 
■number."'' • ^ 

Works boot 7S reviews the properties of multiplying by 0 and 
1 and the comim^utative property of multiplication: a* b = b* a, - 
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Work»h«<t 73 <conl Ins^^tH 

If you have 0 cfindttltins and 7 plants. th«n you can 
wky 0 ' *7 or Q tf«ta on the plantn. 

If you have t condltKm and 7 aniiMl.i, Iht'n you can 
mkke I - ^ ^ teftta on the Aal^U, 
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^^^^^I DEVELOPING THE MULTIPLICATION VERTICAL ALGORITHM 
^ ^.^ ^^ i 

PURPOSE 

In this section tho students: 

- Continue working with the^multipiication algcMrithm using 
arrays* They match parts of multiplication sentences to 
corresponding parts of arrays. They multiply two-digit 
factors using arrays. 

Learn to rename a t^^diglt factor as the sum of two -smal- 
ler Jactors. 



- Mullinly one- and two-^diqit factors in vertical form using 
* - . - the .matliplication algorithm. 

COMMENTARY 

-This section of the unit develops the vertical form o** the mul- 
tiplication-algorithm, T-he stud#nts complete many of the 
, . worksheets independentty^r ^'ith partners ; other work is done 

« ^in class discussions, .."^ 
\ 

Lesson f 3 Introduces an algorithm using arrays. Rectangular 
arrays illustrate how a two-digit factor can be'^renamed as the 
• ' sum of two smaller factors. For example^ 3 • 12 can be illus^- 
trated with an array and rewritten as 3 • (7 + 5)^ or 3 • (10+2). 



In Lesson 14 the students multi- 
ply two-digit factors using arrays, 
They work problems where both . 
factors are twor^digit tiumt>ers . 
Again they rename the two-digit 
factor as the sum of two smaller 
one-digit numbers. The students 
fill in rri5;sing parts of multipli- 
cation 'is: (^ntonces that correspond 
to partG A the array. 
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Lesson 15 introduces the vertical 
algorithm. Arrays are used to 
illustrafte each step of the al^io- 

HTithm • The students add in ver- 
tical fOTfTi the sut^Hoducts of par- 

- titioned arrays to find tne total 
product. They draw anrows to ^ 
match parts of {he partitioned 
^fisry with parts of the problem 
wrjjilen in vertical form. As a 
class*discusslofr*you introduce . 
the fMTocedure of multiplying 
without anrays • 

In Lesson IS the students use 
the vertical algorithm to work 
problems where botii factors are 
twa^igit numbers. The Work- 
* sheets are completed as a class 
discussion with you illustrating 
the work at the chalkboard. 

Lesson 17 provides additional 
practice in using the vertical 
multiplication algorithm. The 
students matdi parts of multi- 
plication sentences and parts of 
problems written in vertical form 
to parts of arrays. The lesson 
reviews concepts introduced * 
earl^r in the unit and provides 
l^'actice in multiplying with the 
vertical algorithm. 

Af this time you may want one 
group of students to begin the 
Job booklet. V\^ile ooe group 
of students (}oes the job book- 
let, the others can do the work- 
sheets in this section with your 
assistance. (See the Notes on 
Teaching this Unit in the unit 
introduction.) " 



Lesson ! 3: INTRODUCING AN ALGORITHM USING ARRAYS 



The studoats deterraine an .upper estimate and a lov^er estimate 
for a range of numbers that contains the i^roduct of twc factcnrs^ 
Rectangular anrays are used to^Hevelop a/i algorithni for the \. 
' multiplication of whole numbers. The s^tudeijts rename onje 
factor as the sum of two smaller t^fctors. * . 

--MATERIALS * 

, - Worksheets 76-78 
(independent) 

* - Worksheets 79 and 80 
(discussion) 

PRbCEDURE . 

Have the students * 
% complete* Wocksheets 
76, 77 and 78 alone 
or with partners. 
When, rrvpst children 
have completed these, 
discuss Worksheet 79 
as a group. Then have 
. ^ the children complete 
Worksheet 80 and disr 
cuss it. 




Activity A 

•V ^Vorksheet 76 presents the idea that, for example, 3 • 5 is 
greater than 3 -4. If any students have difficulty with this 
idea /you may want to discuss more examples before the 

" students continue thq independent work. The students de- 

«• terming, upper ond a lower estimate for a product of twt 
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factors. For example, 3*7 
is greater than 1-5, but is 
less than '3 • 10, So the prod- 
uct of 3 • 7 falls between the 
products of 3 • 5 ( 1 5) and 
3*10 (30) on a number line. 
The students find the interval 
(range of numbers) that contains 
the product of .two factors, 
(This worlftsheet does not raise 
the question of shortening that* 
range.) 



Worksheet 77 contairft more 
problems where the students 
must find the range of numbers 
that a product falls within. 



* 



' Worksheet 78 "uses rectangular arrays to introduce an algorithm 
for multiplying whcie nmnbers.* One factor is renamed as the 
sum of two smaller factors. This algorithm is a iM^lpful tech- 
nique the children can use to m\iUipi/ numbers greater thaq^... 
the basic multiplication facts, this worksheet involves nun* 
* bers less than 10 where the^aigorithm is probably mi needed, 
but may at times be helpful. For example^ jthe students p^r9b^ 
ably knpw that 4 -'8 • 32. ' But if they should forget the prod- 
' - uct of 4 • 8, they can use the algorithm and write the prcH^tem* . 
as (4 • S^ + (4 • 3). . \ 
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Activity B 



As a group dis^uSs the top h^lf of Worksheet ^79 . *c<m- 
tmues the multiplication algofithin developed on tha previous 
worksheet. Two mothods of partitioning a two^i^rit factor • 
are shown. Itie factor is 12: One method is to partition it 
into 8 and 4. .Another method is to partition it into -10 and 2. 
::o Effort is made to suggest that one way is foefter than the 
other. Have the cl^ildren discu&s both methods. Perhaps 
they might prefer to partition \ 2 differently — 6 andJB, tor 
example. Encourage' the stiKlents to use ^e metihod^dt 
works b^t for them. The students should 'see tfiat partition- 
int a two-digit factor into smaller elements makes multiply* 
ir^ easier. 



9 



Have the children complete the bottom half of the worksheet. 
These exami.'es show two methods of partitioning 14. Dis- 
^cuss botii methods with the children. 
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Gilve the students a faw m'inutes to do Worksheet 80 > The 
two-digit Factors on this worksheet have been partitioned 
into.teijs^and ones. ^ When most children h»ve completed the 
pa^es« discti6S their work, explaining. that it is sbmetimes ' 
easier to multiply a twp^igit factor by .partitioning it into 
smaller elemeifts in a particular way^ SAich as tens and (Hies« 
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' Lesson 14: MUmPrYlNG TWQ-DIC^ NUMBERS USING ARRAYS 

In this, lesson the children complete worksheets independently. 
They learn to multiply two-digit' numbers by partitiooing arrays. 
In this process they rename a two-digit i\umber afti t^o smalls 
numbers. ' * ^'^ 

XLMCRIALS^ " ' , • . . ' ^ 

- Worksheets ffl -84 (independent) / . 

Workshept/SS' (fast-'workers) ^ * 



In tiiU lesMMi all tlw «tytfef>tf 
Witt «» torksliMt* «, O 9«. 

St«4tnt« «lio •mfk flat can 4o 




PROC^URE' 

Have the clilldren . 
" complete W^kshe^iT 
8 1 through '84 imje- 
pendent ly or with 
partners • In Activity 
B, .you discuss two • 
worksheets from 
Activity A. 

Activity A 

• 

On Worksheets 8i 
and 92 the s^utients 
do multiplication 
P(bble)ns/each in- 
volving a two-digit 
facfor. They use 
arrays that have been 
partitioned into 
smaller arrays. The 
two-digit factor is 
. partitioned into tens « 
and^ ones . 




fill In the bUnh« to find the pff<»ducl». 
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fill In tfi« liS«iHi« to find tlic >r ><MC<irr 
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''On Wor!^sheet 83 the students multiply problems wher^ both 
factors are -two-tltgtt Aumbers. In each problem', a large array 
is partitioned" into four smaller arrays of tens and ones. 

On Worksheet 84 the students must partition each array them- ' 
selves,, and then use the arrays to find the product of each^ 
problem. In^the first problem only one factor is a two-digit 
' number. In the second problem both factors are two-digit 
numbers. The students can partition the arrays in any way 
they want. Have the students save this Worksheet to discuss 
W Activity B. 
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Worksheet 85 Is for fast 

^ work^s • The i^oblem V 
on this page Involves 

^multiplying a tiyo-diglt 
number by a three^^dlgit 
number • It may help to 
tell those children who ^ 
try tMs %vorksheet th^t % 
^0 * .300, for exainple, ^ 
can be found my multl- • 
plying' 8 3 and writing 

, tiiree ^fergs ; Have all 
children save this 

• worksheet wheSthCT or 
not they have completed 
It, 



Activity B - * ^ ^ * 

^ For additional practice, you'may want to spend a second • 
^ ' class period on this lesson to discuss Worksheets 84 and 85. 
Have several stadents draw their solutions Jto Worksheet 84 
on the Chalkboard. ' . ' 



Draw the array from Worksheet 85 on the chalkboard. Not all 
^students will have done this worksheet^ but encourage all to 
help fill in the blanks to the problem j(^e students shbqld 
see* that vvhen a multiplication problemTsiproken down fnto 
small parts, it is not as difficult ^» li flr^ appears < 
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Lesson 15; INTRODUCING THEgyERTICAI: AlGOmHM. 

Af? a class the students begin writing the^yerticai form of a 

• muitipiication algorithm. Arrays are used to Illustrate each 

step otthe algorithm. Worksheets provide the material for 

t the discus sionl You may need to spend two class periods 

on this lesson. . ' . , 

<* * ♦ 

MAT-ERIALS ♦ -. 

- Wocksheecs 86 -90 (class discussion) 



r 



* In thii iMioii «tl the »ork«heAfi * 
»rU be doneXtofether a* a clans. 

Tt¥t ftuden^f will do Worksheet* 
t(. »7, at^ •» wn^fO. • ^ ^ 



■^5 





PROCEDURE 

I 

Worksheets 86 through - 
90 should be discussed 
as a group; As the • 
' students proceed 
through the worksheets , 
illustrate and explain 

* the work- at the chalk- 
board. 

V 

* ThQ students first work 
with one- and two-tfigit . 
facto'rs, but can work ^ 
with ierger numbers * 
when they understand 
the procedure. On the 
next page is an example 

. pf multiplying large 
^numbers by^using an 
• array and then the vq(r- 
-tical algorithm.* * 
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This example shows how to muitiplylarge numbers using mi 
. array and the Vertical algorithm. The students use the same 
J)rocedure with one- and two-digit factors. 



Q) Write a multiplication problem using large numbers: 97 • 239, 
(2) Draw an array to illustrate the problem. Partition the ^hray: 



200 



30 



\ 

\ 
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• 




90 • 200 ^ ).6,000 


90^ 30 


90 • % 


• « 


= 2,700 


= 810. 




7 • 30' . 


7 • 9 


1 ' 20c =i «.400 


= 210 


= 63 









(3) Write the vertical 
» algorithm that 
selves the ^ 
.problem. 



18.000 
.2.700 
810 
1 .400 
210 
63 



= 90 • 200 
= 90 • 30 
= 90-9 
=7 -200 
■n • 30 
= 7 • 9 



23. 183 = 97 • 239 
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Worksheet 86 reviews the procedure of adding Sub^ducts of 
partitioned arrays to find the total product. These sut^ucts 
are totaled in vertical form outside of the array. 

• 

On Worksheet 87 thevstudents draw arrows showing the associa- 
tion between part of an array and part of a multiplication algo- 
rithm. The students also fill in missing parts of multiplication 
sentences. The vertical form of the algorithm is shown in each 
problem , but nothing is said about it to the students at this 
stage. , . ^. 
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Oratt Jhrroovk. Al^ fiU In tlw blank*. 
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Works lioet 88 should bo worked and 
discussed wiith the whole class,. This 
worksheet moves from tlie array direct- 
ly to thCi(inu!tiplication algorithm^^ ' Bo 
sure to eniphasi:2C the "meaning of each 
digit and where each partial product ' 
comes from. You may want to refer 
nack to the array often, to show how 
our mochcinioal moans of multiplying 
corresponds to the array. 
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Worksheet 89 provides practice 
in using the algorithm. You 
may want to help the students 
get started with the lirst iMrob- 

Speed and skill in using the 
multiplication algortthm come 
only through much continued 
practice. If you dec*ide that 
great skill, in using this algo- 
rithm is important for your chil- 
dren, then you will need to 
provide daily practice of a < 
problem or two throughout the 
remainder of the year. 

, Worksheet 90 provides addt%'^ 
tional ixactice^in multiplying 
a twp-digit factor by a one- 
digit factor using the vertical 
algorithm. 



Worksheet SO «v«irtln«r4» 



62 
3 



9 



Mr • 

SH 
2 



144 

S 

2* 



37 
3 



AT 



si 



: -4 




Lesson 16? THE MULTIPLICATION ALGORITHM WHEN POTH 
FAC'rORS ARE TWO-DKSIT NUMBERS 

As a class the sttidents continue studying the vertical algo-* 
* rithrn. They wwk'^probl^ms where both factors are two-digit 
numbers . 

MATERIALS 

^ Worksheets 91-93 (class discussion) 
• - Worksheet 94 (independent practice problems) 

PROCEDURE 



Worksheets 9\\ 92 and 93 should be cx>mpleted as a group. 
Illustrate the work on the chalkboard as the students read • 
and fill In their worksheets. Allow them. time to work part of • 
a pr'^blem before the answ^ is giyen. Worksheet 94 involves 

practice ^blems and' test prob- 
liems iimi^ar to what the children 
did in Vnit 24. The students 
should do th^ practice problems 
each day before class time. 
Then .give them a few minutes 
during class to work the test 
problem^. \The*answers should 
be posted ho the children can 
check their work. 

Worksheet 91 introduces the stu- 
dents to the procedure of multi- 
plying two ?-dlgit factors. Go 
through the worksheet with the 
^tud'^nts , allowing them ti^me to * 
com^plete each step before the 
answer is giveri. 
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WOTksheot 92 ^fwovides 
practice with multiplica- 
tion in the vertical fcxrm* 
Let the students complete 
one {^-oblem at a time; 
after each is completed, 
let students explain the 
steps • 
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Work^beet 93 is two pages of multiplication fMroblems where 
both»faetor» are two-digit numbers. Give the students time 
to complete the problems, and then discuss all problems or 
just those the students had trouble with. 

# \\ 

Worksheet 94 should be used foi'five days. Each day before 
class, the students complete both practice problems «^ Post 
tne answers so they can check their work before doing thfe 
test iMoblems. Then give the students a few minutes to co«- 
plete both test problems. Put the answers on the chalkboard 
so the children can ccnrect their work and ke^ track of their 
points. You may want to make up similar worksheets so the 
children can have daily practice in multiplication using the 
•vertical algorithm. The children can use scratch paper to 
.v'ork^he practice and test problems. 
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Lesson 17: MORE WORK WITrf A VERTICAL ALGORITHM 

. ^ . . ■ ■■ ■ 

On independent worksheets the students match parts of multi- 
plication sentences and parts of prbblans written in vertical 
form with parts of arrays . Several concepts Introduced eaurller^ 
In the unit are reviewed. Worksheet fNfoblems provide mc^re 
practice in multiplying with the vertical algorithm. 

MATERIALS 

. - Worksheets 95-97 (independent) ' 

- Worksheet 98 (fast workers) 

— sheets of paper 

PROCEDURE 

* t 

In activity A^the students complete Worksheets 95, 96 and 
97 independent!/: or with partners . Fast workers can do Work«* 
sheet 98. In Activity B the students make up their own multi- 
plication problems using the vertical algorithm they have been 
^ studying . 

Activity A 

On Worksheet 95 the students match parts of arrays with parts 
of multiplication sentences « The stud[ents fill in missing 
numbers in the horizontal form of each*pipblem. Thi& work- 
sheet emphasizes the hcxlzontal.and v^ical forms for record- 
ing a multiplication problem. 

On Wcyksheet 96 f he students also match parts of arrays with 
parts of vertical-form multiplication problems. 



113 



UtotI ST 



In tHU ym •III 4» 

•9:f •r «ICli • farlii»r. 9mmt 



•itttfttc«tl«n Miil«iicc. 
rill In tto Manlw. 




to . 4« . 110 -itai ♦ ito 




« t • 0 

^as « 0 • 01 
' |ra« SS 

/^l^.ss 






ERIC 



WtiMmmt n 

Italt 27 



mtch tk* fsrU Ik* ftmy »uii tiM parU 
tm M t l»l l€«t l«i* nc9i4 . 





4 ^ *^ 



MM 



Worksheet 97 provides a review of^^everaU concepts j^esented 
in this unit. These include:^ multiplying by 0/ I, 5 and 9, 
and multiplying two-digit factors in vertical form. _ , 



Worksheet SjB is for fast workers • It introduces the students 
to multiplication by ^ factor that is not a whole number. Ar- 
rays are used to illustrate the procedure. 
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^ Activit/ B 



When the students have completed the independent worksheets, 
have them find partners and create their owrf multiplication, 
problems on blank paper. Encourage them to multiply nunjbers , 
as large as they can using the vertical algorithm. You may 
want JLo have each child put a couple Of his problems on the 
chalkboard for the other children to try. 
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PURPOSE 

" In this section the students: ' . ' -7 

'• . ■ . ■ . ■ 

- Continue the work with Cartesian products that was intio*- • • / 
auced in Unit 25 . Story -fX'oblems and worksheets provide • .\ 
situations where finding the Cartesian product- is desirable^ 

- Review recl^^ngular arrays and m*ultiplicatipn sentencas^ ^ ; 
• The students use multiplication sentences to find ttie Car* 

. tesian products of disjoiht sets^ They partition larger ? 
^ arrays into sevei^al smaller arrays. ' ^ 

COMMENTARY ; . \ ' 

^ • « ' 
A Cartesian product is andther interprelatiojj'of multipUcatioh^ 
The various ways of showing Cartesian products give pictOT^at. 
representations of the multiplication cohcept* A Cartesian ^ 
product of two ^ets is the of all ordered pairs that can be v 
made by combining each member of the first set^.ith each mem-.' 
ber of th6 secdnd "set. (This idea is reviewed in the Ccwnmen- . 
tary to lesson 18.) » ' \ , • . ' f { 

* * , ' '•'jf 

C^^rtesi^n products are indispensable in panning, research pib^ 
jects. No experimental results are valid unless every possible 
combination of factors is investigated. The use of Cartwi^ah * ^ 
\. products enables the experimetiter t<j,be sure he has hot*0V«r- 
looked somfe combination, of factor? that must be Jpcluded In th«^ 
' experimental design. ^ " . i - 

lesson 18 reviews thfe idea of a Cartesian product. Tte students 
use Kiultiplicaticfri sentences to determine th^ total number of 
' ordered pairs that can be rAade from two 41slpint sets. Yeu read 
and discuss ^ itory-prqblem that motivates tne children to deter- 
mine the total rXimber of combinations of peas and soil that m 
be tested in an experiment.' x * - _ 

•I c -> 
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Lasson 19 Includas anotiiar stdly^oblMi about testing food 

mice/ The children fixid all possible comfainacions of mioe^ 
food and vita«iiis. On woiicshetts the studMts ujse diagRUlis^ 
^tables and multiplication sentences to determine the Cartesian 
products^of various sets « 

Lesson 2d reviews tiie cmiceptf of nrays and Cartesian pro* 
ducts onlndependent worksheets. The distrtbotivf property 
of multipUoaliim is reinforced, . 




Lesson* 1 8:- REVIEWING CARTESIAN PRODUCTS 

Independent worksheets and a st<»ry extend the concept of a . 
Cartesian product that was introduced in Unit 25^ 

MATERIALS 

- red7 blue, purple and pink crayon for each child 

- Wwksheets 99 and 100 (independeot) 

- 'colored chalk 

PRCKJEDURE . • 

In Activi'^y A the students complete Worksheets 99 and. iOO * 
independently or with partners. In Activity B, you rcad^Aifd 
discuss the stcwry, •'C^xwing Peas.**! ' 

COMMENTARY 

A Cartesian product is another inti^rpretation of multiplicatioh. 
The various ways of showing Cartesian products give pictcHlal 
representations of the multipiicatibn concept. A Cartesian 
• product of two sets^ is the sjst of all ord^ed pairs that caiTbe 
made by combining each member of the first set with each 
member of the second set* If the first set is { red, blue ) 
and the second s^et is { circle, square ) , the Cartesian-pro- 
duct is ( rad circle, red square, hlue circle, blue square )/ 

Intermediate . Pairs in the 
- Set A Set B Step^ Cartesian product 

^circle (red, circle) 

•^square (red, square) 

, , ^circle {blue, circle) 
blue square blueC /ui * \ 

^ ^square (blue, square) 

The number of members in the Cartesian product of two dis- 
joint, sets (no members in common) is the number of members 
in th^Tirst set%iultiplied times the number of members in the 
second set. *In the example above there are two mefnbers in 
the first set (red and blue) and two members in the second 
set (circle and square), so the product is four. 



jred circle red: 
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Cartesian products are Indispensable in planning resMrph 
projects. No experimental results are valid unless every * 
possible combination of factdrs is investigated. The use of 
Cartesian products enables the experimenter to be sure he 
has not overlooked some combination. 



The worfl^*Cartesian product « 
dents «aftnis time. 



are not introduced to the stu- 




Activity A 



On Worksheet 99 the stu- 
dents assign' paks of num- 
bers to ihtersections in a 
Cvtesian coordinate sys- 
tem. They also determine 
the total number of inter- 
sections in the coordinate 
system by liultipiying, for 
example « the number of 
streets times the number 
of avenues. 

On Worksheet 100 the 
itoidents work two prob- 
l^s utrhere they can^ write 
a multiplication sentence 
to determine the total num- 
ber of intersections . On 
two other problems « they 
find that the multiplication 
sentence is not true. 



Activity B • 

1 Read and discuss the story-problem « ••Growing Peas," urith 
the class. 
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- Growing Peas 
Farmingtx)n is a small town in very^good farming coun-* 
try. There is a large canning company there that cans white 
com and yellow corn; green beans « yellow bc^ans^ lima beani, 
and kidney beans; and different kinds of peas. People in the 
canning company test new kimls of vegetables to find better 
ones &'can. Then they provide the seed these new, bettn^ 
vegetables to the nearby farmers;^ who grow the vegetables that 
are canned. 

— , 

' Mrs. Blye teaches second grade in Farmington. For 
three years her classes have had a summer project. They §it>w 
vegetables for their families and friends in a big garden ju^t 
at the edge of town. Some children go every day to take care 
of the garden. • ^, , 

* 

Last year the corn, b^ns, tomatoes, beets, carrots, 
and cabbages were wonderful, but. the peas didn't do very 
. This year the class want% to change the peas. 
^ think we planted the peas in the wrong kind of 
soil, " said Jane. 

••No,*%iswered Frank, **I think v/e used a poor kind 
of seed. Let's get a new type of pea tnis year." 

Joe said, "Okay, my father can h» Ip us '-^cide. He 
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tests seeds for the canning company. VU ask him what type 
of peas to plant«^ 

Two days later Joe reported « **My father told me that 
they have four new kinds of peat that temn to b« very good, 
but he isn't sure which would be' best for this class garden. 
He gave me a package of each kind. . Each kind ot se«d has 
a name. This me is called Green Monster, this one Baby 
Wonder, this one Telephone Pole, and this one,Carly Emerald.* 

The class was excited about these seeds. *%hall we 
plant them all?" Sue asked. . 

"No," Frank answered. "Let's plant only the best." 

"But how will we know which seed grow« the best 
kind of plant? " wondered* Bill. 

After talking ahmxt the problem for a while the. class 
decided to test the seeds. There was time to' do this before - 
garden planting time. 

Jane was s^ill worried about the kind of soil to use. 
1 don't know what kind of soil is best iof pea plants , " 
she said. 

"We can try different kinds of soil, also, " answered 
Sam. "Ted and I will go to the garden and bring back 

samples,** 



The next day Sam and Ted farougitt' in three pails <rf 
soil. There were garden spil^ sand« and clay^ The class 
decided they Would need' to plant each kind of teed in e^ch 

of the three kinds of soil. If they left- out a seed-soil com- 

* 

bination it might be the very best one. 

l/ln. Blue said« ""Here are ten pcHs leftover from 

last year. Will we iieed more? * ' 

-A. • 
What do you, think? 



t 

ir 

i 



.1 
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Suggest to the children that the combinations be recorded so* 
Ithey^G^n be counted. The chiljiren will most4ikely suggest 

listing the pairs on the chalkboard, e*g. Baby Wonder la 
.sand. "They ^ould discover that there are 12 pairs, fcjut as 

yet they jH'obably woi?*tn^ce that: 

12 - ( number bt\ , ^ f the number of 
" I kinds of peas J I kinds of soil 



Explain that another way to find the combination? is by using 
a diagram, this is a possibility: 



Green Monster 
telephone Pole 
Baby Wonder 
Early Emerald 




Green Monster 
Telephone Pole 
Baby Wonder 
Early ^erald 



Green Monster 
Telephone Pole 
Baby Wonder 
Early Emerald 



Of course the varieties of peas can be listed first and each 
associated with three soils. Colored chalk may help clarify 
the diagrams. j 

An6tfcer useful method is to donstruct a table. Remind the 
children of the work they did with Cartesian products In Unit 
25. They determined th^ft^number of different sundaes they 
could make with ice QfeamN^nd toppings. They also deter- 
mined the nu^nber df tests to^ with three conditions (moisr 
ture, temperature and light) on plants (grass and radishes)^ 
and on animals (mealworm beetle, ^sbwBug and earthworm), 
they made charts for those problems. 
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' Garden 
Soil 


• S^nd 


Clay 


Green Monstar 




X 


X 


* Telephone Pole 


• X 


• X ^ 


X 


Baby Wonder 






X 


Early Emerald , 


X 


X 


X 



^t' should be emphasized to the children that in a scientific 
experiment involving several combinations of components^ 
the result is not valid if a possibility is overlooked. ' You 
may also choose to discuss^ the need for keeping other fac- 
tors constant. For example, all the pea plants should have 
as nearly the same amount of light and water as possible. 
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Lesson 19: ' MORE CAItTESIAN PROPUqiS * > 

More examples of Cartesian products are given in a story^ 
problem and in worksheets, The.iMtobl^s give the students 
more experience with the*multiplieative relation of Cartesian 
prodybts and wffh |Ke idea of finding all possible combina- 
tions of the membws of sets. \ . 



MATERIALS 



colored chalk , ' 
Worksheets IOt-103 (independent) 
Worksheet 104 (fast wcnicers) 




PROCEDURE . 

In Activity At you rsiad and 
discuss a story-fxobleijn 
about testing food for mlce« 
In Activity B liie students 
complete Worksheets 10 1 « 
102 and 103 independently 
or with pamiers* Fast 
wOTkers ^an do Worksheet 
104; OT, you may want to 
have etil the dtildren do it 
as part of a class discus « 
sion. 

Activity A 

Read and discuss the 
story-i^oblein, ''Testing 
Food for Mice.^ 
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Testing Sood 
for Miee 



TESTIKG FOOD FOR MfCE ; 

• * S * ' 

Some men in a big company test food for labwatory . 
mice. They have twp kinds of mice: white mice and brown 
mice". They" have four new kinds^'of foo^ they want to test. 
So far they don't h^ve names for the kinds of food. They Just 
" call them A*, B, C, and D. They also want to flnd'outif giv- 
King extra vitamins to the rpice makes a difference in the way 
the mice grow. They have two Icinds of vitamins^ V and W. 

How many combinations of mice, food, and vitamins 
should the men test? ' , 



This problem can be diagrammed in various ways. One way 
is shown here.. You could draw the mice for a start. Then^ 
children can add to the diagram. Using colored chalk to draw 
the different kinds of mice, food, and vitamins is effective. 




/ \ / \ ./ \ 

V "W -V W V "W 



^- "9 




/.\ / \ /\ / \ 

V W. V W V .W .V w 

13 J 



/ - The result of 16 combinatiohs should ofeta4ijed by countii^* 
Some children may discover that *^hls^ is dfce because: 

■ ■ ■ ' . . . 

(number of , (number of (nu'mbar bf (total number 
* 'kinds of' x kinds of. x ^cinds of = of comblna- 
■mice) - * fotod) r - vitamins) tlons) ; 

, • 2x4x2 = 16 ^ ' 

^ < ^ ^, . \ 

The f(H7nula for obtaining the number of combinations Is an ^, 
•excellent discovery. The children should be encouraged to 
make use of It ip finding- a Cartesian product« ^ 




Activity B 

— — O^ Wojdu^te^ the^ student^ determine the nu mber of co m- 
-^-^ — ^ 'Binations bf dogs and dog food^— They^dtrtHTsTS^ ways: 
a diagram:; a t^l^, and a multiplication sentence. Their 
ar^swer^irfiould be the same jAith^ each method. ^ 
* • , - 

Workshget.ia2 involves the Cartesian product of eye coloc 

and wing size6{.&iiit flies. .There are two si2r«s of wings 
and two colors of eye^s, ^he students write a Inultjjrflcation^ 
sentence to determine that ther6 ar^ four different kinds of 
fruit fH.es. " V \ ' 

4 

— — cav~ work 5 tta <> t 1 03 the s tu dents determine the Cartesian pro- 
^ duct-of 4wo"fio^r shapes 'and three colors of African Violets^ 



You may want to discus's Worksheets 102 and 1 03 with the 
stAideais.^ this time. . « 

Worksheet 104 is for fast workers,' or catn be used with all 
tha^tttfients \^ a class discussion If you want. The stydents 
are told to Chpose one ot the three experiments (or to make up 
their own) ,-and to plan the experiment. They determine the 
total number of different tests for the experiment. They caa _ 
make a diagram^ make actable, write order^ pairs,. or write ' 
a multiplication sentence to find the total number of tests # 
Any students who want to should be encouraged Jo actuall^^ 
^arry out the experiment, or a similar experiment. (See the . 
Minnemast Hahdboek, J^ivlng Things In field and Classroom J 
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sson 20: CARTESIAN PRODUCTS AND ARRAYS 



.This lesson reviews the concepts of arrays and Cartesian 
products on independent worksheets^ The distributive fwoper- 
ty of multiplication is reinfc^ced. The distributive property: 
2 • 10 = (2 • 6) + (2 • 4). 

%1ATERIALS 



TM« {» til* l««t leiiMwi 
of the unit. 



In tliu le«««n ymt mill 
by ymr»»}f •t mtth ymf 




- Worksheets j 05-- 1 09 
(independent) 



PROCEDURE 



Have the children complete 
Worksheets ICS tlffough 
109 independently or with, 
partners • 

Worksheet 105 reviews 
partitioning arrays. The 
students fill in missing 
parts of multiplication 
sentences that illustr^e 
the distributive property 
of multiplication. 

On Worksheet t06 the stu- 
dents partition arrays into 
smaller arrays and com- 
plete multiplication sen- 
tences that represent the 
total num^r of elements 
in each original afray • 



Worksheet 107 the members of a Cartesian product are 
arranged in a rectangular array. The array is partitioned as 
an illustration of the distributive property. 

On Works hocts 108 and 109 the students determine the total 
number of ordered pairs that can be written from disjoint" sets . 
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